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(54) Tide: ADENO-ASSOC1ATED VIRUS AND ADENOVIRUS CHIMERIC RECOMBINANT VIRUSES USEFUL FOR THE 
INTEGRATION OF FOREIGN GENETIC INFORMATION INTO THE CHROMOSOMAL DNA OF TARGET CELLS 

(57) Abstract 

The present invention provides chimeric viral vectors which have both the capacity to infect host cells efficiently and the capacity to 
integrate their genomic material into the host cell's genome. Therefore the invention provides such a chimeric viral vector which comprises 
a functional packaging signal derived from a first virus and an integration means derived from a second virus. Typically viruses capable of 
integrating their material into a host cell genome, preferably provided with additional genetic material introduced therein by recombinant 
means, do not have much room for insertion of such additional genetic material or are not very well capable of infecting every wanted 
host cell. Typically viruses that are very well capable of infecting many host cells either also do not have a high insertion capacity or 
do not integrate their genomic material provided with said additional genetic material into the host cell's genome. The present invention 
provides a solution to the problem of getting large inserts integrated into a host cell's genome at an efficient infection rate by combining the 
properties of efficiently infecting viruses with efficiently integrating viruses. A good working example of the present invention is provided 
in a combination of adenovirus and adeno associated virus. 
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ADENO-ASSOCIATED VIRUS AND ADENOVIRUS CHIMERIC RECOMBINANT VIRUSES USEFUL FOR THE 
INTEGRATION OF FOREIGN GENETIC INFORMATION INTO THE CHROMOSOMAL DNA OF TARGET CELLS 



The invention relates to the field of recombinant DNA 
technology, more in particular to the field of gene therapy. 
In particular the invention relates to novel methods of 
delivering DNA to target cells and the subsequent integration 
5 of that DNA into the target cell genome. 

In the field of gene therapy, many different methods have 
been developed to introduce new genetic information into 
target cells. The most efficient, means of introducing DNA 
into target cells is currently by employing modified viruses, 

10 so-called recombinant viral vectors. The most frequently used 
viral vectpr systems are based on retroviruses, adenoviruses, 
herpes viruses or the adeno-associated viruses (AAV) . All 
systems have their specific advantages and disadvantages. 
Some of the vector systems posses the capacity to integrate 

15 their DNA into the host cell genome, whereas others do not. 
From some vector systems the viral genes can be . completely 
removed from the vector while in other systems this is not 
yet possible. Some vector systems have very good in vivo 
delivery properties while other do not. Some vector types are 

20 . very easy to produce in large amounts while others are very 
difficult to produce. 

The present invention combines functional components of two 
vector systems thereby combining the favorable properties of 
both vector systems. The present invention was made during 

25 research involving adenovirus and adeno-associated virus . The 
invention typically provides DNA having a packaging signal 
which allows it to be encapsidated into virus particles of 
viruses which allow for encapsidation of large nucleic acids, 
such as adenovirus particles, which DNA (at least a part 

30 thereof) has the capacity to integrate into the host cell 
genome. The invention also provides for methods to ensure 
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the absence of harmful viral genes from the encapsidated DMA. 
Absence of viral genes from the vector is the best way to 
avoid expression of viral gene products in target cells and 
thus the best way to circumvent immune responses to viral 
gene products expressed by transduced target cells. 
The present invention can convey the. above properties onto 
adenovirus vectors but also to other viruses such as herpes 

TL'InvIntirrill however be explained in more detail based 
on adenovirus and adeno-associated virus vectors . 

„ ,^ r9rt . a lot of attention and 

Currently, adenovirus vectors attract a lot or 

it is expected that the first registered gene therapy 
m edicine will carry the foreign gene into the diseased cells 
of the patient through adenovirus vector mediated gene ^ 
transfer. An important problem regarding adenovirus vectors 
is that they do not integrate into the host cell ^.In 
rapidly dividing tissue such as the hemopoietic system the 
vector is rapidly lost. Another problem with the current 
generation of adenovirus vectors is that they are 

• tt, vivo vector infected cells are cleared from 
immunogenic. Tn vivo, vector xu 

the body by a potent immune reaction involving both a 
cellular and a humoral immune component. 
For the purpose of gene therapy, adenoviruses carrying 
deletions have been proposed as suitable vehicles Gene - 
transfer vectors derived from adenoviruses <"°-«"«* 
adenoviral vectors) have a number of features that make them 
particularly useful for gene transfer for such ^Z'Jl 
the biology of the adenoviruses is characterized m detail, 

•«, nn f associated with severe human pathology, 
the adenovirus is not associated .. nm . nto 

the virus is extremely efficient in introducing its DNA nto 
the host cell, the virus can infect a wide variety of cells 
and has a broad host-range, the virus can be produced in 
large quantities with relative ease, and the virus can be 
rendered replication defective by functional deletion of the 
5 early-region 1 (El) of the viral genome. 
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During the productive infection cycle, the viral genes are 
expressed in two phases: the early phase, which is the period 
up to viral DNA replication, and the late phase, which 
coincides with the initiation of viral DNA replication. 
5 During the early phase only the early gene products, encoded 
by regions El, E2, E3 and E4, are expressed, which carry out 
a. number of functions . that prepare the cell for synthesis of 
viral structural proteins (Berk, 1986) . During the 1 late phase 
the late viral gene products are expressed in addition to the 
10 early gene products and host cell DNA and protein synthesis • 
are shut off. Consequently, the cell becomes dedicated to the 
production of viral DNA and of viral structural proteins 
(Tooze, 1981) . 

The El region of adenovirus is the first region of adenovirus 

15 expressed after infection of the target cell. This region 

consists of two transcriptional units, the E1A and E1B genes, 
which both are required for oncogenic transformation of 
primary (embryonal) rodent cultures. The main functions of 
the E1A gene products are i) to induce quiescent cells to 

20 enter the cell cycle and resume cellular DNA synthesis, and 
ii) to transcriptionally activate the E1B gene and the other 
early regions (E2, E3 , E4) . Transfection of primary cells 
with the E1A gene alone can induce unlimited proliferation 
(immortalization) , but does not result in complete 

25 . transformation. However , expression of E1A in most cases 
results in induction of programmed cell death (apoptosis) , 
and only occasionally immortalization is obtained (Jochemsen 
et al, 1987) . Co-expression of the E1B gene is required to 
prevent induction of apoptosis and for complete morphological 

30 transformation to occur. In established immortal cell lines, 
high level expression of EiA can cause complete 
transformation in the absence of E1B (Roberts et al, 1985). 
The E1B encoded proteins assist EIA in redirecting the 
cellular functions to allow viral replication. The E1B 55 kD 

35 and E4 33 kD proteins, which form a complex that is 

essentially localized in the nucleus, function in inhibiting 
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the synthesis of host proteins and in facilitating the 
expression of viral genes. Their main influence is to 
establish selective transport of viral mRNAs from the nucleus 
to the cytoplasm, concomitantly with the onset of the late 
phase of infection. The E1B 21 kD protein is important for 
correct temporal control of the productive infection cycle, 
thereby preventing premature death of the host cell before 
the virus life cycle has been completed. Mutant viruses 
incapable of expressing the E1B 21 kD gene-product exhibit a 
shortened infection cycle that is accompanied by excessive 
degradation of host cell chromosomal DNA (deg-phenotype) and 
in an enhanced cytopathic effect (cyt-phenotype) (Telling et 
al, 1994). The deg and cyt phenotypes are suppressed when in 
addition the E1A gene is mutated, indicating that these 
phenotypes are a function of E1A (White et al, 1988) . 
Furthermore, the E1B 21 kD protein slows down the rate by 
which E1A switches on the other viral genes. It is not yet 
known through which mechanism(s) E1B 21 kD quenches these E1A 
dependent functions. 

Vectors derived from human adenoviruses, in which at least 
the El region has been deleted and replaced by a gene-of- 
interest, have been used extensively for gene therapy 
experiments in the pre-clinical and clinical phase. 
The adenovirus genome is a linear double- stranded DNA 
molecule of approximately 36000 base pairs with the 55-kD ^ 
terminal protein covalently bound to the 5' terminus of each 
strand. The Ad DNA contains identical Inverted Terminal 
Repeats TR of about 100 base pairs with the exact length 
depending on the serotype. The viral origins of replication 
are within the TRs exactly at the genome ends. DNA synthesis 
occurs in two stages. First, the replication proceeds by 
stand displacement, generating a daughter duplex molecule and 
a parental displaced strand. The displaced strand can form a 
so-called -panhandle" intermediate, which allows replication 
initiation and generation of a daughter duplex molecule. 
Alternatively, replication may go from both ends of the 
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genome simultaneously, obliterating the requirement to form 
the panhandle structure. The replication is summarized in 
Figure 1 adapted from (Lechner and Jr., 1977). 
. As stated before all adenovirus vectors currently used in 
5 gene therapy have a deletion in the El region, where novel 
genetic information can be introduced. The El deletion 
renders the recombinant virus replication (Stratford- 
Perricaudet and Perricaudet, 1991) . We have demonstrated that 
recombinant adenoviruses are able to efficiently transfer 

10 recombinant genes to the rat liver and airway epithelium of 
rhesus monkeys (Bout et al, 1994a; Bout et al, 1994b) . In 
addition, we (Vincent et al, 1996a; Vincent et al, 1996b; 
• Vincent et al, 1996c) and others (see e.g (Haddada et al, 
1993)) have observed a very efficient in vivo adenovirus. 

15 mediated gene transfer to a variety of tumour cells in vitro 
and to solid tumours in animals models (lung tumours, glioma) 
and human xenografts in immunodef icient mice (lung) in vivo 
(reviewed (Blaese et al, 1995)) 

In contrast to for instance retroviruses, adenoviruses a) are 

20 able to infect non-dividing cells and b) are able to 

efficiently transfer recombinant genes in vivo (Brody and 
Crystal, 1994) . Those features make adenoviruses attractive 
candidates for in vivo gene transfer of, for. instance, 
suicide or cytokine genes into tumor cells. 

25 However, a problem associated with the current recombinant 
adenovirus vectors is that they do not integrate into the 
host cell genome. Due to this fact the vector is rapidly lost 
in dividing tissue. Recently it was demonstrated that 
integration of adenovirus vectors can be achieved in 

30 fertilized oocytes by using extreme multiplicities of 

infection (Tsukui et al, 1996) . In somatic cell gene therapy 
this is an extremely undesired feature. Efficient integration 
of adenovirus vectors has also been observed in vitro in 
cells iri which DNA damage was introduced by ionizing 

35 irradiation (Zeng et al , 1997). This is a very harsh 
treatment and not favored in gene therapy protocols. 
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one of the additional problems associated with the use of 

recombinant adenovirus vectors is the host-de £ ense reaction 

against treatment with adenovirus. 

Briefly, recombinant adenoviruses are deleceo t 

region (see above). The adenovirus El products «f 9 ^ 

transcription of the other early genes <E2 - M . which 

ovnrpqqion of the late virus genes, 
conseauently activates expression ol 

Zrllre, It was generally thought that EX deleted vectors 
would not express any other adenovirus genes. However 
recently it has been demonstrated that some cell types are 
able to express adenovirus genes in the absence of El 
sequences. This indicates, that some cell types possess the 
machinery to drive transcription of adenovirus genes In 
particular, it was demonstrated that such cells synthesize 
E2A-and late adenovirus proteins. 

in a gene therapy setting, this means that transfer of the 
therapeutic recombinant gene to somatic cells not only 
results in expression of the therapeutic protein but also in 
the synthesis of viral proteins. Cells that express 

7 ,1 nr-oteins are recognized and killed by Cytotoxic T 

adenoviral proteins are j-cu y , „ llg 

^-h hhua a) eradicates the transduced cells 
Lvmohocvtes , which tnus a; eiaun. ,. . 

j_,ymp y , n „, lt . „t- a i 1994a; Engelhardt et 

and b) causes inflammations (Bout et al, y 

. ,i iqqi) as this adverse reaction is 

al 1993; Simon et al, 1993). as 

hampering gene therapy, several solutions to this proble. 
have "been suggested, such as a) using i™^™ E3 
agents after treatment; b) retainment of the ^novirus E3 
region in the recombinant vector (see patent appl-ation EP 
95 20 2213) and c) using ts mutants of human adenovirus, 
which have a point mutation in the E2A region, 
which v ^rateaies to circumvent the immune response 

However, these strategies l<-> 

have their limitations. m 
The use of ts mutant recombinant adenovirus diminishes to 
some extent the immune response, but was less effective .in 

, n rpqnnnses in (Engelhardt et al, 

preventing pathological responses in y 



1994a) . 
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The E2A protein may induce an immune response by itself and 
it plays a pivotal role in the switch to the synthesis of 
late adenovirus proteins. Therefore, it is attractive to make 

. recombinant adenoviruses which are mutated in the E2 region, 
5 rendering it temperature sensitive. 

A major drawback of this system is the fact that, although 

- the E2 protein is unstable at the non-permissive temperature, 

r 

the immunogenic protein is being synthesized. In addition, it 
is to be expected that the unstable protein does activate 

10 late gene expression, albeit to a low extent. ts!25 mutant 
recombinant adenoviruses have been tested, and prolonged 
recombinant gene expression was reported (Engelhardt et al, 
1994a; Engelhardt et al , 1994b; Yang et al , 1995; Yang et al, 
1994) . However, pathology in the lungs of cotton rats was 

15 still high (Engelhardt et al, 1994a), indicating that the use 
of ts mutants results in a partial improvement in recombinant 
adenovirus .technology. An additional difficulty associated 
with the use of tsl25 mutant adenoviruses is that a high 
frequency of reversion is observed. These revertants are 

20 either real revertants or second site mutations (Kruijer et 

al, 1983; Nicolas et al, 1981). Both types of revertants have 
an E2A protein that functions at normal temperature and have 
therefore similar toxicity as the wild- type virus. 

25 In adeno-associated virus vectors the entire protein coding . 
domain can be replaced by foreign sequences. Adeno-associated 
virus vectors can integrate into the host cell genome (Kotin, 
1994) . The only AAV- sequences required in the vector are the 
inverted terminal repeat elements flanking the foreign DNA. 

30 Due to the integrating properties and the absence of viral 
genes AAV- vectors are very well suited for the permanent 
genetic modification of target cells in vivo. One drawback is 
however, that they are very difficult to produce. Another 
drawback is the limited packaging size. Only molecules up to 

35 approximately 5 kb are efficiently packaged. Another drawback 
is that rAAV vectors are delivered as single strand DNA 



PCT7NL98/00731 

WO 99/32647 

8 

t ^ ^ a raet cell a second complementary strand 
molecules. In the target cell 

has to be produced for expression to occur, in 
occur Mediately after infection with rAAV. Second strand 
genesis is indeed the rate luting step for expression of 
q the transgene (Ferrari et al, 1996). 

5 the transg ^ vides methods and means to combine 

The present invention provides metnoa 

of one virus with the large 
t-he interqrating capacity ot one vj.^ 

Packing and infection capacity of another virus, as well as 
the re uL of these methods and the use of these results, 
the results o prov ides methods to combine 

10 The present invention thus also provi 

, a nf adenovirus vectors with the 

the favorable properties of aaenovxiu 

favorable properties of AAV- vectors . 

invention provides methods to completely remove 
In viral genes from the vector thus completely avoiding the 
15 : ilJar immune responses to viral gene products 

\. , , , P u The only adenovirus sequences necessarily 
in the target cell. Tne oniy a 

present in the encapsidated DNA are those comprising a 
pre t t« nis reauired sequences for 

functional packaging signal. In as requir * 

~™<=.o nn the virus producing cell 
multiplication of vector genomes n the P 

20 are functional AAV-TR sequences at both ends t 

Ad/AAV chimeric molecule is replicated in the vector 
Proving cell by the ^-replication machinery. Packaging of 
the Ad/AAV chimeric molecules into adenovirus capsrds is 
achiev d following expression of the relevant adenovirus 

25 genes involved in packaging D K A into adenovirus capslds. 

AAV is a non-pathogenic human parvovirus (reviewed in (Berns. 

lMOb)1 The virus replicates as a single 
1990a; Berns, 1990dm • VJ - J - c 

strand DNA of approximately *.6 hb. Both the plus and the 
30 minus strand are packaged and infectious Eff recent 

replication of AAV requires the co-infection o the cell by 

helper virus such as Adenovirus or Herpes Simplex Virus. In 
! I „f a helper vims no substantial reputation of 

the absence of a helper vn ,, tmA a = . 

AAV is observed. AAV is therefore also * 
35 ..oependovirus- . When no helper virus is present, the AAV 

genome can integrate into the host cell genome . The wild type 
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virus has a strong preference (70%) for an integration site 
on the long arm of chromosome 19 (19 ql3.3) (Kotin et al , 
1990; Samulski, 1993; Samulski et al, 1991). This site 
specificity is probably mediated by the AAV-rep proteins, 
more specifically by Rep78 and Rep68 (Weitzman et al, 1994) . 
Following integration, the expression of the virus genes is 
not detectable. The integrated provirus replicates as a 
normal part of the host cell genome upon division of the 
transduced cell and ends up in both daughter cells. This 
stage of the virus life cycle is known as the latent stage. 
This latent stage is stable but can be interrupted by 
infection of the transduced cell by a helper virus. Following 
infection of the helpervirus, AAV is excised from the host 
cell genome and starts to replicate. During the early phase 
of this lytic cycle the rep-genes are expressed. 
Approximately 12 to 16 hours later the capsid proteins VP1, 
VP2 en VP3 are produced and the replicated virus DNA is 
packaged into virions (structure of the AAV-genome and its 
genes is depicted in figure 2) . The virions accumulate in the 
nucleus of the cell and are released when the cell lyses as a 
result of the accumulation of AAV and the helpervirus 
(reviewed in (Berns,. 1990a; Berns, 1990b)). 

The AAV-genome contains two genes rep and cap (figure 2) . 
Three promoters (P5, P19 and P40) drive the synthesis of 
mRNAs coding for 4 Rep-proteins (Rep78, Rep68, Rep52 and 
Rep4 0) and three capsid proteins (VP1, VP 2 and VP3) . The AAV- 
genome is flanked on both sides by a 14 5 bp sequence, called 
the Inverted Terminal Repeat (TR) , which appears to contain 
all the cis-acting sequences required for virus integration, 
replication and encapsidation (Lusby et al, 1980; Samulski et 
al, 1989) . 

The capsid proteins VP1, VP2 and VP3 are produced from a 2.6 
kb transcript of the AAV P40 promoter, which is spliced into 
two 2.3 kb mRNAs by using the same splice donor but two 
different splice acceptor sites. The splice acceptor sites 
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are located at both sides of the VP1 translation start 
signal. VP1 is translated from the messenger that uses the 
sp!ice acceptor directly in front of the VP1 translation 

• Hon VP 2 and VP 3 are translated from messenger . 

initiation codon. VP ATG. VP2 and 

5 that are spliced to the acceptor 3 of the vf 

VP3 are translated from this messenger by use of an ACQ 

n .tart (VP2) or a downstream ATG (VPS) . Since all 
translate start (VP2 protei ns share 

three coding regions are m frame, tne cap * 
alarge domain with an identical amino-acid sequence. VP3 is 

0 entirely contained within VP! and VP2, but the la ter two 

cont ain additional 

^nt-ire VP2 protein but carries an 
contains the entire vr^ ^ at t h e 

, ransid proteins terminate ac tne 

terminal sequence. All three capsia pi 

S ame position (Ruffing at al, 1994). The AAV capsid is 20 to 

m in diameter (Berns and Bohensky, 1987; Srivastava et 
L5 24 nm in diameter and 9Q% 

a i 1983) and contains approximately 5* VPl, 

Z Tlio is believed to reflect the relative abundance 
l^he alt ern ively spliced messengers and the reduced 

at the ACO initiation codon 

20 for VP2. 

* 

• f a pHon the P5 -promoter is activated 
Durinq a productive infection, tne eo y 

"rat and'directs the production of the large 
Rep ,s and Kep 6 e. These proteins are essential or «V 
25 replication and in trans regulate the expression 

The laroe Rep-proteins activate the PIS and 
cellular genes. The large f 

celiuia g infection, however, Rep78 and 

the P40 promoter. In a latent in r and help to 

Re p68 down regulate expression of the P5 pro 

JLain the latency of AAV (for a review see (Berns 1990b) ) . 

iDo^r? and Rep40 are encoded by 
30 The smaller Rep-proteins ^ ^J^ nt for the 

transcripts from the P19 promoter and are imp 

Hnn of infectious virus (Chejanovsky and Carter, isbsj 
formation of mtectio become activated and 

-i « t-he last promoter to oecouc a.*_<- 
The P40 promoter is tne xcxoi, ^ 

activation follows the expression of the 1st. , g e ne of 
35 the helper adenovirus, via alternative splicrng different _ 
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mRNA are produced coding for the structural proteins VP1, VP 2 
en VP3 (Trempe and Carter, 1988) . . 

Description of the invention 

5 

In the present invention components of non- integrating and 
integrating viruses are combined to yield a new class of 
recombinant viruses with properties derived of both original 
viruses. 

10 : Preferably the integration process is dependent on host cell 
factors only. In this case only the cis-acting sequences 
required for the integration process are supplied to the 
target cell. When the integration process is also dependent 
on transacting factors that are not normally, present in the 
15 target cell, the transacting factors can be supplied by the 
recombinant virus. This can be achieved either through co- 
packaging of the factors into the virus particle or through 
the incorporation of the transacting factors encoding genes 
in the recombinant virus followed by expression of the 
20 transacting factors encoding genes in the target cell. 
Thus the invention provides a chimeric viral vector 
comprising a functional packaging signal derived from a first 
virus having a large insertion capacity and an integration 
means derived from an integrating second virus. A functional 
25 packaging signal is intended to read on any signal derived 
from a virus which lead to packaging with packaging material 
of said virus. This may be a part of the original signal or a 
modified signal produced in any possible way. The same goes 
for the integration means. This may be the original means, 
30 but also a fragment or a derivative thereof. In this way the 
best of both worlds is achieved. The large insertion which 
usually cannot be packaged into integrating vectors can now 
be stably integrated into the genome, of the target cell. 
Preferably the virus which is going to provide the outside of 
3 5 the new chimeric virus is a virus which is capable of 
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efficiently infecting the target ceil. Typically such a virus 

r^r^egrating virus is an adeno associated vrrus. 
I£ the chimeric vector crises «V T,s then ^_ 
preferred to include the rep gene of AAV to p 

specific integration at a known safe Site. interest 

-include a sequence of interest. 
Of course the vector needs to induce a h 

~f imprest can be one or more genes or an 
A sequence of interest. <-an 

antisense sequence, etc. h v 

, ..i^c t-rt treated with gene tnerapy 
The diseases or conditions to be treats 3 

,„d the sequences of interest suitahle there ore a« well 
Known in the art and need no further explanation here^ The 
sequences of interest usually need to be expressed and 
seguences o such as (inducible) promoters 

therefor regulatory elements sucn as ,„^ for . 
for said expression are preferably present on sard vectors, 
n order to be able to switch off whatever cell that has been 
L Illy modified with a vector according to ^ -™ 

gen * . , =a ,j vector with an additional 

■ih is preferred to provide said vector wj.u 

it is preterr * induC ed to eliminate the modified 

suicide gene, which can be maucea 

cell (such as TK) . , , 

n order to be able to infect cells the vectors £^ 
packed into virus-like particles. Such a virus-like particle 

Ls a vector as disclosed above and capsid elements, 
comprises a vector Dartic les Herein methods to 

Preferred are adenovirus -like particles. 

.v,^= articles (or viruses) are given. Usually a 
produce thes particles \ul 

packaging cell will be employed. Packaging cells are 
tvPicaUy cells which have been provided with all remaining 
Z s - the virus to be produced. In these cells a vector 
genes xor (replicated and packed, 

as disclosed above „ brought to be (rep 
sometimes all elements for pacx rng are Provr v 
sometimes a number are present on the vector to o p 
packaged, . The ceils can be provided with t*~ or 
using yet another Viral vector which er the "eg a e c. 
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WO 99/32647 PCT/NL98/00731 

The invention is illustrated with a chimeric adenovirus / 
adeno-associated virus vector but not limited to these 
viruses. The chimeric adenovirus / adeno-associated virus 
. vectors described in the present invention minimally contain 
5 the sequence of interest linked (directly or indirectly) to a 
functional adenovirus packaging signal. The linked sequences 
. are flanked by functional AAV-TR. Replication of the molecule- 
is directed by the AAV-replication machinery while the 
molecule is packaged by the structural proteins of 

10 adenovirus. The two processes, replication and packaging, can 
occur simultaneously and interact with each other. AAV-TR 
containing adenovirus vectors have been described before 
(Thrasher et al, 1995). In these cases a rAAV-vector was 
incorporated, into an adenovirus vector. Both in the virus 

15 producing cell and in the target cell these molecules behave 
as classical El -deleted adenovirus vectors. No integration of 
the whole or parts of the adenovirus vector was detected. In 
our opinion this is due to the fact that the AAV-TR in these 
recombinant adenovirus vectors are physically linked on both 

20 sides to DNA of the vector. To mediate integration of through 
the AAV-TR in these molecules, the rAAV present in the 
adenovirus vector must first be rescued from the vector 
before the TR can catalyze the integration of the rAAV 
vector. This rescue process is not efficient in the absence 

25 of a'productive AAV-replication. In addition these rAAV 
containing recombinant adenovirus vectors contain many 
adenovirus genes and are not suited for the incorporation of 
large DNA fragments. 

30 Description of the recombinant molecules of the invention. 

In its simplest form the invention provides a molecule 
comprising a gene, of interest directly or indirectly linked 
to a functional (adenovirus) packaging signal flanked by 
35 integrating capability such as AAV-TR. This simple molecule 
is designated minimal Ad/AAV chimera. The entire group of Ad 
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and AAV chimeric molecules are termed Ad/AAV chimera or 
chimeric vectors. Important components of the present 
invention are the chimeric Ad/AAV-vector and methods, vectors 
and cell lines to produce the chimeric vector 
n one embodiment o£ the invention the chimeric vector 

in one ™ int . r est, an adenovirus packaging 

comprises a seance of rnt re t, ^ ^ 

signal and two AAV- TR - in rt f 

• _ j nack aainq. Production and packaging of 

sequence for proved P^ng. ^ ^ 

the chimeric vector is achieved in cei 

• ^ nroteins for replication and packaging of the 
trans required proteins rot f . 

TT1 this preferred embodiment the chimeric 
Chime " C "cZ^ tely a vo a of viral protein coding domains. 

^nether pr red embodiment certain viral genes are ^ 
in another p ^ be expre3sed in 

present m the virai ven,u t xl 

the' chimeric virus producing cell and/or in the target eel 
to perform specific tasks. One example is a chimeric Ad/AAV 
mo lecule in which all Adenovirus genes *™Hn 
between the AAV-TR together with a gene of interest and 

- rtna i This recombinant virus can 
adenovirus packaging s gna ^hi ^ ^ ^ ^ 

generated in cells that expres, 

Is PER.C6 and the AAV-rep gene (for instance through 

* of a rep-expression plasmid) . 

transfection of a rep J that be t„een no 

It is obvious to person skilled ^ ^ 

adenovirus genes and all adenovi 9 ns =an ^ 

di££ erent combinations ^T^VZZe minimal components 
tailored by adding "^^^ remalning viral gene 
of the chimeric vector and supplying t 
products in trans. Specific advantages of special 

For instance, a current ,j onnv irus 

. =r1v aenes from classical adenovirus 
all the adenovirus early genes rr aden ovirus 
vectors to circumvent cellular immune response to adenov 
vectors to c fa minimal vector these can 

vector infected target cells, in 

be deleted while retaining the adenovirus late gene 

7 ! n. The adenovirus early genes necessary for efficient 
5 functions. The adeno ^ ^ ^ ^ 

AAV-replication Ibi, 
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In an especially preferred embodiment the AAV-rep-gene is 
added to chimeric Ad/AAV molecules described above. 
Preferably the AAV-rep gene is under transcriptional control 
of the AAV-p5 -promoter . In the virus producing cell rep-gene 
5 expression from the chimeric construct will obviate the need 
to produce the rep-gene products through different means. In 
.. the target cell, rep-expression will facilitate targeted 
integration of the chimeric vector into chromosome 19 in the 
region 19ql3.3-qter (Balague, 1997; Surosky et al, 1997). 

10 The preferred location of the functional Adenovirus packaging 
signal in the chimeric molecule is near one of the AAV-TR. 
Moving the Adenovirus packaging signal more toward the middle 
. of the molecule is expected to lower the efficiency with 
which the molecule is packaged into Adenovirus capsids. 

15 In a preferred embodiment of the invention the total size of 
the chimeric virus, based on Ad/AAV chimera is more than 
27.000 bases, the lower limit of efficient packaging in 
adenovirus capsids, but not more than approximately 40.000 
bases, the upper limit of packaging into adenovirus capsids. 

20 In a prefered embodiment the appropriate size of the chimeric 
virus is achieved by inserting the appropriate amount of DNA- 
sequences via standard molecular cloning techniques. In 
another preferred embodiment the appropriate size is 
generated in the virus producing cell. In chimeric viruses 

25 based on Adenovirus and AAV this can be achieved by relying 

on the packaging of replication byproducts and/or replication 
intermediates. For AAV-mediated replication a packageable 
replication byproduct would be the duplex dimer of 30 kb, 
when the monomer is approximately 15 kb. When the duplex 

30 dimer is packaged, each adenovirus capsid contains the DNA of 
two instead of one chimeric viruses. Higher order concatemers 
can also be packaged provided that the size of the monomer is 
adjusted appropriately. 

In a preferred embodiment of the invention the TR flanking 
35 the sequence of interest and the adenovirus packaging signal 
in the chimeric molecule are derived from AAV while the 
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reP lica t ion of the molecule is P-moted by However, 
TR- sequences of autonomous parvoviruses suoh as B19 and MVM 
TR sequences TR - se quences will 

are also suitable for this pury 

also promote integration of the chimeric virus xn target 
cells Moreover, the replication of these autonomous 
cells, uoieu helDervirus thus simplifying 

parvoviruses is independent of a helpervi 

the production process. 

Production of the Ad /AAV chimeric molecules 

in a preferred embodiment trans complementation of viral 
genes is achieved by transfection of the trans requirements 
into the cells. The trans required adenovirus genes can be 

cloned into a plasmid or a cosmid. The adenovirus TR- 

P cloning process but the 

sequences can be retained quh a 

mist be removed to avoid- 

adenovirus packaging signal must ^ adenovirus 

packaging. Preferably the genome organization o 

is maintained. If clones are used that contain the 

„ M of adenovirus flanked by adenovirus TR, 

transacting genes of * d J° of the transa cting genes 

then adenovirus-mediated replication 

in the chimeric virus producing cell can lead to a higher 
xn the chime " _ req uired adenovirus functions, 

expression of the in trans requii. 

This enables enhanced production and packaging of the 
This enaDies obtained by persons 

chimeric virus. These molecules ca t stable 

skilled in the art. In another preferred 

packaging cell lines are used to complement certain all 
trans requirements. Trans complementing cell lines can be 
operated by stabily transfecting the relevant viral genes 

ro human cells using constitutive ^^^ZsZ, 
, inducible expression systems. Stable ^^££^1, 
AAV-rep have been reported (Clark et .1. 1995; Clark et al 
AAV rep na 97/20943 and are suited to 

1996 ; Holscher et al. 1994) and 

complement this trans requirement. Stable c 

pi P2 and/or E4 and VA have also been 

expressing adenovirus El, E2 and/or 

, * o=r, *lso be used to complement these 
5 reported and can also ce 
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requirements of the chimeric vector. Stable cell lines 
capable of .expressing the adenovirus late genes can be 
generated by using a conditional chromosomal excision and 
replication system as described in European patent 
5 application 972003245. It is clear to persons skilled in the 
art that transient transfection can be combined with stable 
packaging cell lines to generate the chimeric viruses. One 
example is to combine stable cell lines that are able to 
express the adenovirus El and E4 proteins with a transient 

10 transfection with a plasmid or plasmids containing adenovirus 
E2, VA and the adenovirus late function and an expression 
cassette for the AAV-rep gene. Particularly preferred are 
packaging cell lines expressing adenovirus El and that 
conditionally express the AAV-rep proteins. These can be 

15 generated using cells suitable for the constitutive 

expression of El (Fallaux et al, 1996; Graham et al, 1977) 
and using regulatable promoters for the expression of AAV- 
rep. A special property of the regulatable promoter is that 
it is not activated by adenovirus El genes. 

20 In a particularly preferred embodiment, trans complementation 
for the production of chimeric viruses is achieved by virus 
infection. A process which can easily be scaled up to produce 
the chimeric vector in large amounts.. In its simplest form 
this can be achieved by infecting cells with wtAAV and wtAd. 

25 However, this is not practical since in this case also wtAAV 
and wtAd is produced together with the chimeric- virus . This 
is not desired in a gene therapy product. A more 
sophisticated approach is to incorporate the trans 
complementing adenovirus and/or AAV genes in, for instance, 

30 Herpes Simplex Virus (Johnston et al , 1997) or vaccinia 

virus. Another method is to generate a recombinant adenovirus 
■ containing a functional adenovirus packaging signal and all 
adenovirus genes except El and E2B (AdDEl , E2B) . This 
AdDEl , E2B recombinant virus can be grown on cells expressing 

35 El and E2B (Amalfitano and Chamberlain, . 1997) . Production of 
chimeric viruses can be achieved in cells expressing El and 
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AAV- rep . The AdDEl , E2B recombinant viruses are replicated in 
Bl. E2B expressing cells but not in chimeric virus product 
cells due to the absence of E2B in the chimeric virus 
producing cell. E2B contain the genes for pretermit protein 
producing Droteins are essential for adenovirus 

and the polymerase. The proteins 

replication but not for AAV replication (Muzyczka, 1992) 
in cases where an adenovirus or a recombinant adenovirus is 
used to complement in part or in whole the in trans 
requirements another preferred embodiment of the invention 
provides a protein required for adenovirus but not for AAV 
Ldiated replication which is conditionally expressed^ 
Conditional expression can be achieved for instance by using 
a conditional expression system or by using a -^ature 
sensitive mutant. Conditional expression of a pro texn cru al 
to adenovirus replication but not to AAV-replication enables 
the regulation of the replication and packaging P" ce "' 
disabling adenovirus replication in the early stages o he 
production process aids a higher accumulation * 
chimeric virus. By inducing the expression of the protein 
cnimenc vxiu j- i at - pr in the production 

required for adenovirus replication later in the p 
process adenovirus late functions are upregulated late 
production process. 

,nnia ran be achieved also t>y 
Production of the chimeric virus can oe a 

f n^hods for the production of minimal adenovirus 
means of methods ror uie yi. ^ 

u = fhP recently described so-called cre-lox 
vectors, such as the recently u 

system (Parks et al, 1996; Parks and Graham, 1997) by 
supplying additionally, the required AAV-rep proteins m 



trans . 



= m K^H-im(=nt orovides methods to surpass 
The invention in one embodiment provi fnrther 
the packaging limitation of AAV-vector. The invention further 
circumvents the necessity for second strand synthesis in the 
target cell. Second strand synthesis is the rate lx. ting 
step in AAV-vector transduction (Ferrari et al 1996) -The 
invention further provides methods for the production of 
minimal adenovirus vectors devoid of viral genes. The 
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invention also provides methods for the integration of 
adenovirus vectors. The invention in yet another embodiment 
provides methods for the long term persistence of vector 
transduced cells. The invention provides methods for the 
5 stable genetic modification of human cells. The invention is 
also useful for the stable genetic modification of plant 
cells or insects. In these instances, the gene of interest 
flanked by AAV-TR sequences is packaged into plant or insect 
cell specific DNA virus capsids. The invention is useful for 

10 the generation of transgenic animals through infection of 
germ-line cells or ES cells with the. chimeric viruses. The 
invention provides methods for the long term persistent 
expression of foreign genes in vivo . The invention provides 
methods to facilitate homologous recombination particularly 

15 useful for gene replacement strategies. 

Viruses according to the present invention can be applied in 
any and all gene therapy concepts conceived so far. 
Typically, the man skilled in the art will be able to assess 
for which applications the viruses of the present invention 

20 are especially suitable. Thus the invention will find 
application in the treatment of inherited diseases and 
diseases resulting from functional deletion of certain gene 
functions (such as cystic fibrosis and the like) . It will 
also find application in combatting malignancies by 

25 delivering suicide or other other celldeath inducing agents 
to aberrant cells. In this mariner it will also find 
application in (auto) immune diseases. It is not necessary 
that the virus always delivers a gene to the target cell. It 
may very well be that the virus delivers a sequence being or 

30 encoding an antisense sequence to suppress the expression of 
a gene of the host cell. The sequence may also be or encode a 
cosuppressing sequence. The virus may also deliver more than 
one sequence of interest to a target cell. For instance a 
suicide gene may be added next to a gene (or other sequence) 

35 of interest, in order to be able to eliminate the transduced 
cells if they become aberrant or are no longer wanted. 
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The chimeric viruses of the invention are particularly useful 

for the stable modification of target cells and the 
introduction of relatively large DNA- fragments (between 
approximately 27 Kb and 40 kb) . In a preferred embedment of 
the invention the property of transferring large DNA 
fragments is used to transfer the cDNA of large genes such as 
Factor VIII, Von Willebrandt Factor and Dystrophin or mucins 
involved in the formation of the mucus lining. an. for 

• , fi£ ,n na i tract in another preferred 
instance, the gastro- intestinal tract, in v 

embodiment the molecules of the present invention are used to 
transfer genes together with large genomic DNA regions 
required for aoourate expression of the gene of interest . 
Examples of large DNA regions with effeot on the expression 
It foreign genes are intron-seguenoes. locus control regions 
aC R> and boundary regions. Some, genes, like the human 
B-globin gene, require intronie sequences to be present for 

•~r, t orn<! control regions such as the 
efficient expression. Locus contxuj. j.^ 

locus control region are usually found on large 
fragments. Boundary elements may be present in small 
molecules which retain activity. However, the activity is 
usually less then observed in the authentic genomic 
environment . Segmentation of the large fragment comb ned with 
fine mapping of the active elements can help to delete 
redundant DNA- sequences and help to generate smaller 
macules with similar activity as the original fragme * in 
the naturally configuration. This process can result into DNA 
fragments with sites that can be incorporated into for 
instance. AAV or retroviruses which have of ^™ T 
below 10 kb. However, activity of these in sited reduced 
artificial introns or locus control regions can not be 
predicted on forehand and indeed these in sized reduced 
r gions rarely behave the same as the unmanipulated regions 
(Einerhand et al. 199 5i Ellis et al, X997; Ellis et 1. 1996. 
Fiering et al, 1995; " end stamatoyannopoulos, 1994) The 
; Macules of the present invention enable designers of 
expression cassettes to incorporate significantly larger ■ 
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regions of DNA and thus facilitate the generation of . 
cassettes with predictable expression characteristics. 

As used herein the term "gene" refers to a nucleic acid 
5 molecule encoding a protein and/or RNA. 

As used herein the term "wtAAV" refers. to a nucleic acid 
molecule containing the genes rep and cap derived from AAV 
serotypes I, 2, 3, 4 or 5 or functional analogs or parts 
thereof physically linked to two AAV-ITR. 
10 As used herein the term adenovirus refers to a adenovirus 

type 5 or functional analogs or parts thereof. However, for 
the present invention adenovirus type 1 to 4 and 6 to 51 are 
also suitable. 

As used herein the term "recombinant AAV vector" means a 
15 nucleic acid molecule comprising at each end an AAV-ITR. 

As used herein the term "replication" with respect to viral 
DNA refers to a. process of multiplication of a nucleic acid 
molecule distinct from the normal replication of eukaryotic 
chromosomal DNA in that not just one but indeed many copies 
20 of the replicating molecules are formed in a cell during the 
process . 

As used herein the term "replicating DNA molecule" refers to 
a DNA molecule which can undergo replication in a cell. The 
replication can start from an integrated DNA molecule or from 
25 a DNA molecule that is present in the nucleus of a cell as an 
episome. 

It will be understood that by the term "packaging cell" is 
meant a cell line that provides in trans the required AAV- 
proteins and adenovirus proteins necessary for the 

30 replication and/or packaging of chimeric viruses. The in 

trans required proteins are provided either in a constitutive 
fashion or in a regulated fashion or a combination of both. 
The in trans required proteins are provided though expression 
from their encoding genes either from integrated or from 

35 episomal gene copies or a combination of both. Episomal DNA 

4 
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can be introduced by means of transfection (a process termed 
"transient" transfection") or infection. 

It will be understood that with the term "trans requirements 
is meant genetic information which is required to be present 
in the same cell as the chimeric virus but is not required to 
be physically linked to the chimeric virus. Trans 
requirements are usually expressed genes from which either 
the RNA or the protein is functional. 
It will be understood that with the term "trans 
complementation" is meant the act of supplying the trans 
requirements for the chimeric virus. 

As used herein, the term "XL-rAAV" refers to a nucleic acid 
.olecule of more than 6 . 5 kb up to at least 33 kb physically 
linked to and flanked by two AAV-ITR. The AAV-mediated 
replication of large DMA molecules is useful not only for the 
replication and production of Ad/AAV chimaeric molecules but 
may also find its use in other applications. 
XL-rAAV replication in a cell, can be observed upon 
expression in a permissive cell of functional amounts of the 
proteins encoded AAV-rep and functional amounts of the 
proteins encoded by adenovirus 5 regions El, E2a, E4, or 
functional parts or derivatives of said proteins and 
optionally RNA encoded by an adenovirus 5 VA-region One or 
m ore of said proteins may be omitted. For instance but not 
limited to, Re P 52 and/or Rep40. Rep78 and Rep68 possess 
similar functions thus a decrease in the amount of one 
protein may at least in part be compensated by an increase m 
the amount of the other protein. 

An XL-rAAV may comprise an adenovirus packaging signal and or 
an adenovirus TR but this is not essential for replication of 
the molecule. Higher amounts of replicated XL-rAAV may be 
obtained, particularly in the presence of a replicating 
adenovirus (vector) , by increasing the level of E2a protein 
; in the cell over the level of E2a produced by the E2a-gene in 
its native configuration. Such additional E2a may be supplied 
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in many different ways for example but not limited to co- 
transfection of an E2a-expression plasmid or modifying the 
promoter sequences driving the E2a-gene expression in an 
adenovirus vector. 
5 One or more of the proteins directing XL -r AAV replication may 
be provided by other proteins provided that they provide 
similar functions. For instance, Rep-proteins may be derived 
from AAV-2 but may also be derived from Rep-proteins or 
functional parts or derivatives thereof from other serotypes. 

10 Currently six different primate AAV serotypes are identified. 
However, also AAV from other animal species may be used for 
the same purpose. By analogy, adenovirus proteins may be 
derived from adenovirus 5 but may. be substituted by 
adenovirus proteins, or functional parts or derivatives 

15 thereof, from other serotypes exhibiting similar functions. 
Similarly, AAV-ITR may be derived from AAV-2 but also from 
other AAV serotypes or AAV isolated from animals other than 
primates . 

AAV or adenovirus proteins promoting XL-rAAV replication in a 
20 cell may be substituted by proteins or a mechanism providing 
similar function. Such protein or mechanism may be of natural 
origin or artificial. 

Requirements for the replication of the XL-rAAV may be 
provided on a DNA molecule that is physically separated from 
25 a DNA molecule comprising an XL-rAAV or one or more 

requirements may be covalently attached to a molecule 
comprising an XL-rAAV. 

A cell comprising a XL-rAAV may be used for the production of 
proteins, Ad/AAV chimaeric molecules of the present 

30 invention, minimal adenovirus vectors, recombinant AAV 
vectors, lentivirus vectors, retrovirus vectors, herpes 
simplex virus vectors and other virus vectors. 
In one embodiment the invention provides a rAAV nucleic acid, 
termed XL-rAAV, with a genome size at least larger than 6.5 

3 5 kb. In another embodiment the invention provides rAAV nucleic 
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acid, termed XL-rAAV, with a genome size at least larger than 

"„ ote embodiment the invention provides a method for the 
replication of XL-rAAV comprising providing a cell 

... ™11 with nroteins encoded by an AAV- 
preferably a primate cell, with p ^ ^ 

reo qene or parts or denvates thereor, pro 
rep gene p or derivatlves 

adenovirus regions El, E2 ana/ or r 
aaeno a . nnHonallv with RNA encoded by 

thereof of said proteins, optionally wit 

adenovirus VA-regions or parts or derivatives th ereof and 
further providing said cell with a nucleic acid compri ng a 

- <-hp invention saia ceii is> 

VT-rAAV In a preferred aspect of tne inveu 
XL-rAAV. in a P other viral nucleic acid 

a cell in which the replication of otner 
^han XL-rAAV nucleic acid, preferably adenovirus nucleic 
acid, is at least in part repressed. In a preferred aspect of 
Z nvention said replication of XL-AAV is used for the 
tne lnvem-x ^articles according to 

nackaqing of XL-AAV into a virus-like particles 
packaging nreferr ed embodiment of the invention 

the invention. In a preterrea emuu 

said replication of XL-AAV is used for the packaging of XL 
»; into an adenovirus-like particle, in which case said XL- 
> «V preferably includes an adenovirus packaging signal and/or 
an adenovirus TR. 

I„ one embodiment of the invention is provided a self 
replicating molecule. Said self-replicating molecule 
comprises physically linked and preferably but not 

■ -1,,-wifhln AAV-ITR. sequences encoding proteins from 
5 necessarily within AAV I . q derivatives 

adenovirus regions El, E2a and/or E4 ic y r „. fhMX 
- or functionally equivalent counterparts thereof) together 
with the AAV-rep-gene (or parts or derivatives or 
functionally equivalent counterparts thereof) and a sequence 
,„ ™e t said self-replicating molecule may be used for 
the expression of proteins encoded by said sequence of 
interest In a preferred aspect of the invention said 
Z en e of interest comprises means for the production of 
entivirus vectors. In another preferred embodiment said 
„ sequence of interest comprises means for the production of 
adenovirus vectors. 
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Materials and Methods 
General methods 

5 

Restriction enzymes were purchased from GIBCO BRL, Life 
. Technologies (Breda, The Netherlands) except for Nsi I and 
Ahd I which were purchased from Biolabs (Leusden, The 
Netherlands) . Restriction enzyme digestions were carried out 

10 according to manufacturer's protocols. HeLa cells and PER. CS 
cells were maintained in Dulbecco's modified Eagles Medium 
(DMEM, GIBCO BRL, Life Technologies, Breda, The Netherlands) 
supplemented with 10% heat -inactivated Fetal Bovine Serum 
(FBS , GIBCO BRL, Life Technologies, Breda, The Netherlands) 

15 and'50 (ig/ml gentamicin (GIBCO BRL, Life Technologies, Breda, 
The Netherlands) . 

Generation of minimal Ad/AAV chimeric constructs: 

20 Description of the constructs: We generated three different 
Ad/AAV chimeric constructs. All constructs have the 
adenovirus packaging signals in between AAV-TR . They also all 
contain a nuclear targeted p-galactosidase (Escherichia coli) 
reporter gene under the control of the immediate-early 

25 enhancer/promoter sequences of the cytomegalovirus (CMV) . The 
constructs differ in the adenovirus sequences used to enhance 
packaging of the DNA into Ad particles. In one construct eJE" 
AdyLacZ , we included Ad5 nucleotides 104 until 454 in the 
construct. This sequence encompasses the viral packaging 

30 signal between nucleotides 194 and 380, identified by 
(Graeble and Hearing, 1990; Graeble and Hearing, 1992; 
Hearing et al, 1987; Schmid and Hearing, 1997). Currently it 
is not known whether Ad TR sequences have a role in packaging 
(Graeble and Hearing, 1990; Graeble and Hearing, 1992; 

35 Hearing et al, 1987; Schmid and Hearing, 1997). For this 

reason we generated the construct pTR - AdTRy L a c Z , with the 
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i unHl 454 containing both the Ad packaging 
Ad5 sequences 1 until 454, cont a nTR . D18A dTRyLacZ 

• i *nrl the Ad TR. The third construct, pTR DIBAdiKy 
signal and the Ad ik- b in 

also contains the Ad packaging signal and the Ad T 
this case the first 18 nucleotides, which contain the P TP Pol 

g site were deleted to avoid possible interference of 
tie Ad replication machinery with the AAV-repUcation 



machinery . 



nnf the cons tructs: The Ad packaging signal was 
Generation of the const-tuu 1996) 
a^ified fx- P^id pC^.nle.Xac, ^^^Jj 

3^ The 5- primer for Ad TR y was 5'- 

arCTTAGATCTCATCATCAATAATATACCTTA- 3 1 and the 5' primer for 
D18^AdTR V was 5 ' ~ CCAAGCTTAGATCTTTATTTTGGATTGAAGCCAATATG - 
D18 AdTR y was , rest riction sites HindlH and 

3 • . For cloning purposes the restriction 

^ t-v,o qi-end of the fragment. Tne 

Bglll were introduced into the 5 end or 

PGR reactions were performed with 5 ng ^ 
(pCMV.nls.lacZ) and Pwo DNA polymerase »ng 
Almere The Netherlands) using the buffer and tne 
Almere, Tne manufacturer. Samples were 

conditions recommended by the manu 

heated for 2 min. at 94'C followed by 30 cycles of 9 C 
seconds, 55'G *5 seconds and fo^ 
cycling the reaction mixture was incubated an 

j. o • r* The PCR- fragments were run on 1.5 o 
10 minutes at 68 C. Tne f<-«. i. y ratification 

Kit xx ,„ yb aid. Tedding. by Hi „ dIIt 

^acturers protoco 1 T a J ^ ^ 

and cloned into HmdlH-digescea v 

nrpri . Th e Netherlands) to generate 
; Technologies, Breda, me 



WO 99/32647 PCT/NL98/00731 

27 

respectively pAdy, pAdTRy and pD18AdTRy. The amplified 
elements were sequenced (BaseClear, Leiden, The Netherlands) 
and found to be without mutations. Next we introduced into 
the clones the /}-galactosidase (Escherichia coli) reporter 

gene under the control of the CMV immediate early 
enhancer/promoter and the SV40 polyadenylation signal (CMV 
LacZ) The CMV LacZ insert was amplified by Expand. Long 
Template PCR (Boehringer Mannheim, Almere, The Netherlands) 
from plasmid pCMV.nls.LacZ plasmid according to the 
manufacturers protocol. The upstream primer had the sequence; 

5 ' - GCGTGGCCA GCGGCCGCATCGATACTAGT CAGGTCGTTACATAACTTACGG- 3 • , 
whereas the downstream primer had the sequence; 

5 ' -CGCCTT GCGGCCGCCACGTGCGGTACC CCGCCACACTCGCAGGGTCTGCA- 3 ' . For 
cloning purposes NotI,. Clall and Spel restriction sites 
(underlined) were introduced in the upstream primer. In the 
downstream primer Not I, Pmll and Kpnl restriction sites were 
introduced (underlined) . The PCR-reactions were performed 
using 5 ng template plasmid. The mixture was heated at 94°C 
for 2 minutes followed by 30 cycles of 94 C C for 30 seconds, 
55°C for 45 seconds and 68*C.for 4 minutes. PCR-reactions 
were followed by an incubation at 68°C for 10 minutes. 
Fragments were run on 0.8 % agarose gels and purified using 
the Recovery DNA purification Kit II as described previously. 
The PCR product was NotI digested and ligated into itfotl- 
digested pAdy, pAdTRy and pD18AdTRy to yield the plasmids 
pAdyLacZ, pAdTRyLacZ and pD18AdTRyLacZ, respectively . To 
demonstrate p-galactosidase function the plasmids were 
transfected into PER.C6 cells (described below) . 

The minimal Ad/AAV chimeric constructs pTR-AdyLacZ, £TR- 
AdTRyLacZ and p TR - D 1 8 AdTRy L a c Z were generated as follows. The 
plasmids pAdyLacZ, pAdTRyLacZ and pDl 8AdTRyLacZ were 
digested with Bglll. The fragments containing the Ad- 
packaging signal, the CMV-LacZ and, for pAdTRyLacZ and 
pD 1 8 AdTRy La c Z , the relevant parts of the AdTR were isolated 
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: ■ Rfflll-site of pAAV-TR. The fxnal 

and ligated into the BglH sice f 

j . -3 dAAV-TR was derived from 

constructs are depicted in figure 3. pAAV TK 

plasmid pTR (a kind gift from Dr. 8. ^lotukhin by 
transferring the Pstl-f ragment containing a 1270 bp Bgll 
fragment from Ad5 flanked by AAV-TR into the »sil-site of the 
cosmid vector pWB25. The cosmid P WE25 was derived from pWE15 
(Clontech, Heidelberg, Germany) in two cloning steps . First 
WK20 was generated through ligation of the *0 
bp fragments of a Pstl-digest of pWElS. Correct ligation 
the frlnents resulted in restoration of the bacterial 
the fragments Subseque ntly the cosmid P WE20 was 

digested with Hindlll end Clel! end blunted with lerge 
fragment MA polymerase (Klenow, GIBCO ^ 
Tecnllogies, Breda, The Netherlands, . The blunted molecule 
was' ligated to a phosphorylated double stranded 
oligonucleotide with the palindromic sequence. 5 ^™ 
3. encoding en Nsii-site to give the final cosmid P«E 2 5^ The 
insertion o£ the oligonucleotide has been confirmed by Nsi 
digestion and by DNA sequencing. 

, »,.h of the three minimal Ad/AAV chimeric 
Molecular clones of each ot trie w= 

instructs were screened by restriction enzyme digestion 
constructs were ^ migratlon 

pattern analysis Cl °» eS J analysis by using the 

pattern were subjected to furtner y ^ ^ 

restriction endonucleases Ahdl and Bgn 

■ for these two enzymes. Thus the 

-it; one restriction site ior uhcd^ 

one resu indicates rearrangement 

absence of one or more of these sites in 
of the AAV-TR in that particular case. 



Biological 



functionality of PGR amplified CMV-LacZ: 



The PGR amplified LacZ reporter gene and associated control 
The PCR ampins bioloqical activity m 

elements (CMV LacZ) were evaluated for biologi 
5 PER . C6 cells by calcium phosphate precipitation (GIBCO ' 



WO 99/32647 PCT/NL98/00731 

29 

Life Technologies, Breda, The Netherlands) . The constructs 
pAdyLacZ, pD18AdTRyLacZ and pAdTRyLacZ were transfected into, 
approximately, 70% confluent PER.C6. Approximately 24 hours 
after transfection, fresh medium was added to the cells. 
5 After another 24 hours period, the transfected cells were 
stained for LacZ activity. 

E. coli P-Galactosidase activity staining. 

10 Cells were washed twice with PBS (NPBI, Emmer-Compascuum) and 
subjected to fixation for 10 minutes by 0,2% glutaraldehyde 
solution (Sigma, Zwijndrecht, The Netherlands) in PBS . The 
cells were washed twice with PBS and stained with X-Gal 
solution (2 mM MgCl2.6H20, 5 mM K2Fe(CN)6, 5 mM 

15 K4Fe (CN) 6. 3H20 and 4 0 mg/ml X-Gal (5-bromo-4-chloro-3- 

indolyl-p-galactopyranoside, Molecular Probes Europe, Leiden, 
The Netherlands) in 0,1 M phosphate buffer). After overnight 
staining at 37 *C blue cells were counted under an optical 
microscope (Olympus CK2-TR) . 

20 

Rescue and replication of minimal Ad/ AAV chimeric constructs 

PER.C6 were transfected using Lipof ectamine (GIBCO BRL, Life 
25 Technologies,- Breda, The Netherlands) with minor 

modifications to the protocol of the manufacturer. For each 
transfection 60% confluent 25 cm2 flasks received a total of 
8 |ag of DNA and 40 jxl Lipof ectamine . AAV-rep proteins were 
supplied by transfection of pDRBE-rep The plasmid pDRBE-rep 
30 contains the AAV nucleotides 244 till 2596 spanning the 
entire rep-protein coding domain. In the p5-promoter 
nucleotide 266 till 277 have been substituted for a SphI and 
Spel restriction enzyme site. The ratio of Ad/AAV construct 
to rep-containing construct was 1 to 4 (mg/mg) . In cases 
3 5 where only the minimal Ad/AAV. chimerical constructs were 

transfected, the total amount of 8 ^g of DNA was reached by 
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adding the app.cpri.te amount of hearing sperm DMA COMBO 
BRL Life Technologies, Breda. The Netherlands) into the 
transition fixtures. The liposcWDKA ^f^^ 
allowed to for™ for 30 minutes. Meanwhile, the cells were 
washed with 5 .1 of DMEM . DMEM ,2,3 ml) was added to the 
transfection mixture and the mixture was added to the washed 
cells. At this point the helper adenovirus 10 Ad CMV Luc (EP 
55202213) was added using a multiplicity of miction 

To i > of 5 pfu / cell. After three and a half hours 2.5 ml 
(ra.o.i.) of 5 pi / The medium uas 

DMEM supplemented with 20« FBS was au 

DMEM supp uhen extensive 

exchanged the next day. After o . uere 

cytopathogenic effect (CPE) was observ ed the cell were 
harvested. The cell suspension was centrifuged (2 0 .10 
minutes, and extrachromosomal DMA was isolated ^ 
m odified Hirt-extraction (Einerhand et al. 199W. Hirt 
was digested with 20 units Dpnl (Biolabs, Leusden ™ 
Hetherlands, for 3 hour at 37'C and site separate 
9 els. DHA was Bouthern-blotted and filter 
performed as described in (Maniatis et al. 1982) . Filters 
were probed with a LacZ specific probe. 

t 

•„ *f fcrl/AAV chimeric viruses. 
Production and analysis of Ad/AAv cmm 

Tt ansfections were performed as described under "rescue and 
replication of minimal Ad/AAV chimeric cons tructs^ Two days 
after transfection the cells and the medium were harvested 
and subjected to lysis by three cycles of *«ese-»nd-th » 
(liquid m I 37-C, to release the virus-particles into 
culture medium. The supernatant was recovered after 
centrifugation <3000g, 10 minutes, and filtered through ^ 

nitrocellulose filters (Millipore, Etcen 
0,45 \m pore-sized nicroceixuxu 

Actions of Ad/AAV chimeric viruses were performed on 

~a~a infi rells per well (24 wexis 

tt T ^ u^t = r pUs were seeded xUb cens f & 

HeLa. HeLa cells ^ ^ supernatant 

5 plate, Greiner) . The next aay xv ^ 
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was added. After 24 hours the cells were stained for LacZ 
activity. 

To check for transfer of DNA packaged into adenovirus 
particles, 500 jil of filtered supernatant was treated with 
5 100 jag/ml of DNasel at 37'C for 30 minutes, whereas another 
500 |il of filtered supernatant was heated at 56 *C for one 
. hour. 

Cloning of enlarged Ad /AAV chimaeric molecules. 

10 It is known that recombinant adenoviral genomes smaller than 
approximately 27 Kb have a strongly reduced packaging 
efficiency (Parks and Graham, 1997). Therefore, since we rely 
on Ad5 -mediated packaging of the Ad/ AAV replicons, we decided 
to increase the size of the Ad/AAV genome chimeras. The 

15 enlarged Ad/AAV chimaeric molecules were created in two 

steps.. First a neo R -gene expression cassette was cloned into 
the cosmids pTR + -Ad\|/LacZ and pTR + -AdTRv|/LacZ . Next different 
sized stuffer fragments obtained from the human dystrophin 
intron 44 were cloned into these cosmids. The neo R -gene was 

20 cloned into the Spe I site flanking the 5» end of the CMV- 

promoter as a 2.0 kb Avr II -Spe I fragment from plasmid #221, 

< 

resulting in the cosmids pTR-AdyLacZneo7 and pTR- 
AdTRyLacZneo7 (figure 6) . The orientation of the neo R -gene in 
the new cosmids was such that the restored Spe I site was 

25 directed towards the Lac Z expression cassette. Cloning of 
additional stuffer fragments into this Spe I site separates 
the LacZ and the neo R -gene expression cassettes. Plasmid #22i 
was generated by ligating a 2 . 0 kb partial Nar I-fragment 
from plasmid 1417 (Talbot et al, 1989, Nature 338: 352-355) 

30 into the Cla I site of pBluescript SIC (Stratagene) . 

Different sized Ad/AAV chimaeric molecules were generated by 
inserting different sized stuffer fragments from the 44 th 
intron of the human dystrophin gene (44Dys) (sequence can be 
obtained from GenBank Accession code: M86524) . To generate 

35 pTR- AdTRyLacZ . Dys . neo .13.8, a 6 . 7 kb Nhe I-fragment from 
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-v, o„« t site of pTR-AdTRyLacZneo7 . To 
44Dys was cloned into the Spe I site or p 

u a 7 3 kb Avr II-fragment 
generate pTR-AdyLacZ . Dys . neo . 14 , a 7 . 3 kd 

Lm 440ys was cloned into the Spe I site of «-Zneo 7 . 
To generate pTR- AdTRyLacZ . Dys . neo . 18 , a 11.4 Kb Nh e - 
fra gment fro. 44Dys was cloned into the Spe I 

* -7 vinallv to generate pTR-AdTRy . 33 and pTR 
AdTRyLacZneo7. Finally, to 9 4 4 Dys DNA fragment 

Adv 33, a 26.9 Kb Nae I-flne I stutter y 

on 1 % Resolvase Low Melt Agarose (BioZym) and 
was run on 1 % Resolva Man nheim) . Manufacturer 

isolated using Agarase (Boehringer iaaliaat ed 

* -, n ^ THq 26 9 Kb fragment was ligatea 
protocols were followed. This 26. ad a er , howlated and 

ol „ c Dfi I digested, TSAP dephosphorylated ana 
to, respectively, spe 1 013*5 

T4 DNA poiy»erase biunted J^^^ frinai « 
A dyLacZneo7. The two £ we £oll owed 

concentration of ,0 ng u 1 us, ^ ™ ™ o£ ^ the 

; the li 9 aticn/pa=*a gl ng Protocol ^ ^ 

lambda phage packaging extract i&tr a 

Joules were packaged into iambda phages which in turn. 
I «d to infect DHSa (Gibco BEL, Life Technoiog.es, . 
I cerwsrds SOO ul of LB was added and the ^ra wa* 

, incubated for one hour at 37. °C 22S rp.. 

n nooo RPM, 5 min. resuspended into 

bacteria were pelleted (3000 kfm, 

to niarps containing 100 ug/nu. 
100 ul LB and plated onto LB plates con a 

^iciUin <sig»a, . After ^f^ZZle* i'nsert- 
coionies were ^-^i dystrophin 
q rontaininq cosmids . For all cosnuu 

5 containing the Ad/AW chimaeric vector 

sequences the junct ^ orienta tion of the 

were sequenced co veri y ^ ^ ^ por ^ 

dystrophin intron " re stri=tion enzyme sites 

of the constructs, characteristii- 
30 are depicted in figure 7A and 7B. 

Cloning of the adenovirus helper constructs 

BBrZAd Ram-rlTR J^ CAC^_dePQsi£ P9J7^82122j. ■ 

-Ti7 a t-« hlunt end cloning of the ITR 

in order to facilitate blun * , DNA was 

35 sequences, wild-type human adenovirus typ 
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treated with Klenow enzyme in the presence of excess dNTPs . 
After .inactivation of the Klenow enzyme and purification by 
phenol/chloroform extraction followed by ethanol 
precipitation, the DNA was digested with Bam HI. This DNA 
preparation was used without further purification in a 
iigation reaction with pBR322 derived vector DNA prepared as 
follows: pBR322 DNA was digested with Eco RV and Bam HI, 
dephosphorylated by treatment with TSAP enzyme (Life 
Technologies) and purified on LMP agarose gel (SeaPlaque 
GTG) . After transformation into competent E.coli DH5a (Life 

* • 

Techn. ) and analysis of ampicillin resistant colonies, one 
clone was selected that showed a digestion pattern as 
expected for an insert extending from the Bam HI site in Ad5 

to the right ITR. 

Sequence analysis of the cloning border at the right ITR 
revealed that the most 3' G residue of the ITR was missing, 
the remainder of the ITR was found to be correct. 

pBr/Ad.Cla-Bam (ECACC depos it- P97Q82117) 

wt Adeno type 5 DNA was digested with Cla I and Bam HI , and 
the 20.6 kb fragment was isolated from gel by electro- 
elution. pBR322 was digested with the same enzymes and 
purified from agarose gel by Geneclean. Both fragments were 
ligated and transformed into competent DH5a. The resulting 
clone pBr/Ad.Cla-Bam was analyzed by restriction enzyme 
digestion and shown to contain an insert with adenovirus 
sequences from bp 919 to bp 21566. 

DBr/Ad.AflTT-Bam (EC ACC? deposit- P97082114) 

Clone pBr/Ad.Cla-Bam was linearized with EcoRI (in pBR322) 
and partially digested with Aflll. After heat inactivation of 
Afl II for 20' at 65 °C the fragment ends were filled in with 
Klenow enzyme. The DNA was then ligated to a blunt double 
stranded oligo linker containing a Pac I site (5'- 
AATTGTCTTAATTAACCGCTTAA- 3 ' ) • This linker was made by 
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annealing the following two oligonucleotides : 5 • - 
AATTGTCTTAATTAACCGC-3 ' and 5 ' -AATTGCGGTTAATTAAGAC-3 , 
followed by blunting with Klenow enzyme. After precipitation 
of the ligated DNA to change buffer, the ligations were 
Rested with an excess Pac X enzyme to remove concatameres 
of the oligo. The' 220!* bp partial fragment containing Ad5 

Zl Lm bp 3534 up to 21566 and the vector sequences, 
sequences rrom Dp ^ , ^ ari( j 

was^o^ted in LMP agarose (SeaPlaque GTGI , reUgated and 
was isoiau clone that was found to 

transformed into competent DH5<x. One clone 

c OTt ain the Pad site and that ~ ^^J^S 
— selected and se^en ed t ^ ^ ^ 

correct insertion of the Pac I iin^ex 



site . 



^BrjAd^MamzXlT^^^ — [ECACC__d^posj 1 t__P^7M2J 1 20j 
pBrj/Ad^am^rlTRM — [ECACC_de£Q£i£^_222Q£2121^ 
To allow insertioTTf a Pac I site near the ITR of Ad5 in 
clone pBr/Ad.Bam-rlTR about 190 nucleotides were -moved 
between the Cla I site in the P BR322 backbone and the start 
of the ITR sequences. This was done as follows: PBr/Ad.Bam- 
ot tne . , rla j and treated with nuclease Bal31 

rITR was digested with Cla I ana ere* 

u * Hm* (2' 5', 10' and 15'). The extend 
for varving lengths of time U , => - 

tor = cpnarate reactions on 

of nucleotide removal was followed by separate r 
ot nucieotiae using identical 

P BR322 DNA (also digested at the Cla I site, , 

4--'™<= Ral31 enzyme was inactivated by 
buffers and conditions. Bal3l enzym and 
• v =t- 75 °C for 10', the DNA was precipitated and 

incubation at 75 tot j-u » 

resuspended in a seller volume TE buffer. To ensure blunt 
ends. D B AS were further treated with » ^/"^^^V 
presence of excess d^TPs. After digestion o the (centre 1) 
PBR322 DNA with Sal I. satisfactory degradation < 15 W «a 
observed in the sables treated for 1C « »• • The 10 or 
„. treated pBr/Ad.Bam-rlTR sables were then Ugated to the 
above described bunted Pac I linkers (see pBr/Ad Afl 1-Bam, . 
Liaations were purified by precipitation, digested with 

I J separated fro. the linKers on an I» agarose 
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gel. After religation, DNAs were transformed into competent 
DH5a and colonies analyzed. Ten ciones were selected that 
showed a deletion of approximately the desired length and 
these were further analyzed by T- track sequencing (T7 
5 sequencing kit, Pharmacia Biotech). Two clones were found 
with the Pac I linker inserted just downstream of the rITR. 
After digestion with Pac I, clone #2 has 28 bp and clone #8 
has 27 bp attached to the ITR. 

10 oWE/Ad.Aflll-rlTR (ECACC deposit P97082116) 

Cosmid vector pWE15 (Clontech) was used to clone larger Ad5 
inserts. First, a linker containing a unique Pac I site was 
inserted in the EcoRI sites of pWE15 creating pWE15.Pac. To 
this end, the double stranded Pac I oligo as described for 

15 pBr/Ad.Aflll-Bam was used but now with its Eco R I protruding 
ends. The following fragments were then isolated by electro- 
elution from agarose gel: pWE15.Pac digested with Pad, 
pBr/Ad.Af III -Bam digested with Pac I and BamH I and 
pBr/Ad.Bam-rITR#2 digested with BamH I and Pac I. These 

20. fragments were ligated together and packaged using X phage 
packaging extracts (Stratagene) according to the 
•manufacturer's protocol. After infection into host bacteria, 
colonies were grown on plates and analyzed for presence of 
the complete insert. pWE/Ad. Af 111-rITR contains all 

25 adenovirus type 5 sequences from bp 3534 (Afl II site) up to 
and including the right ITR (missing the most 3' G residue). 

pWE/Ad.A5 ' . 

The construct pWE/Ad.A5' is an example of a replicating 
30 molecule according to the invention that contains two 

adenoviral ITRs and all adenoviral sequences between bp 3510 
and 35938, i.e., the complete adenoviral genome except for 
the El region and the packaging signal. pWE/Ad.A5' has been 
made in a cosmid vector background from three fragments. 
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First, the 5' IT* from Ads was amplified using the following 

5 1 -CGG-AAT-TCT-TAA-TTA-AGT-TAA-CAT-CAT-CAA-TAA-TAT- 

S^ix'l ■ -AGG-GGG-GGC-GTT-AAG-CO.-CGC-GGA-CAG-ATT-TGA-GTA- 
S^AGT-GTA-GGT-CAC-CGG-CCC-CGT-TCC^. The resulting PCR 

CGT-ACi Abi o cloned into 

fragment was digested with Eco* I and 

h „ nNEB193 (Ne w England Biolabs) digested with the same 

vector pNEBiy-5 U^ew >TT?D/TTP-nTX 

entymes. The resulting construct was named «"=^ IX - 
seguencing confirmed correct amplification of the AdS 
sequences in the left ITS (Ad5 sequences 1 to 103) linked 
117Z P—oter <Ad5 sequences 3511 to 3533, except for e 
single mismatch with the expected sequence according to 
GenBank (Accession no.: MV3350/M255 S , i an ext ra G 
residue was found just upstream of the Afl II site 
pIX fragment was then isolated with BcoR 1 and Afl II and 
Ugated to a EcoR 1-Afl II vector fragment containing Ad5 

15 39-21567. The latter fragment was obtained by 

tjz.^ <.*»> w ith bc OEI and ^ui* 

:i Ll «. The resulting done was named pAd/blTR,^ 
X The final construct pWE/Ad.AS' was then made by ligating 
cosmid vector pWE15.eac (supra, digested with Pac I to 
pAd/LITR (A5 ' , -BamH I digested with Pac I/BamH I and 
pB r/Ad.Bam-r ITR .pac, 2 (supra, digested with Pac !/BamH I. 

EaE/M2tm ^ i ' ME /AAV TR A5. is an example of a replicating 
The construct pWE/AAV-TR. as i*= *- 

i .ule according to the invention, that contams two AAV- 
molecule according aden0 viral sequences between 

TTRs two adenovirus ITR ana a±i 

\n * «9 38 i e the complete adenoviral genome 
\ bp 3510 and 35938, i.e., tne f ^wf/AAV- 
except for the El region and the packaging signal^ pwE/AAV 
xr 45 ' has been made in a cosmid vector background from Pec , 
fragment from pWE/Ad^'. pWE/Ad.^ was digested with Pac I. 

^o<= nm on LMP- agarose (SeaPlaque 
blunted with T4 -polymerase, run on ln g w 

5 GTG) and the 33 kb band was isolated using the Agarase 
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(Boehringer Mannheim) according to the protocol of the 
manufacturer. Next pAAV-TR was digested with Bgl II, blunted, 
with Klenow, dephosphorylated with TSAP (Life technologies) , 
run on LMP-agarose (SeaPlaque) and the 6 kb fragment 
5 containing the cosmid backbone and the AAV-TR was isolated 
with Agarase (Boehringer Mannheim) . The two fragments were 
ligated with a final concentration of DNA of 200 ng/ul using 
T4-ligase and the ligation protocol, of the lambda phage 
packaging extract manufacturer (Stratagene, Heidelberg, GE) . 

10 The ligated molecules were packaged into lambda phages and 
infected into DH5a (Life technologies) according to the 
protocol supplied by the lambda phage packaging extract 
manufacturer (Stratagene, Heidelberg, GE) . Afterwards. 800 ul 
of LB was added and the mixture was incubated for one hour at 

15 37 & C. Subsequently the bacteria were pelleted (3000 RPM, 5 
min) , . resuspended into 100 ul LB and plated onto LB plated 
containing 100 ug/ml ampicillin (Sigma) . After overnight 
incubation at 3 7 °C, colonies were picked and analyzed for 
the presence of insert containing cosmids . 

20 

cTR'LacZ . 

This molecule contains between AAV-TR a nuclear targeted LacZ 
driven by a CMV-promoter/enhancer and resembles the 5 kb 
Ad/AAV chimaeric molecules but does not contain adenovirus 

25 sequences. cTR*LacZ was generated by cloning two fragments. 
pTR - AdTRy La c Z was digested with Bgl. II, blunted with Klenow, 
dephosphorylated with TSAP (Life technologies) , run on LMP- 
agarose (SeaPlaque) and the 6 kb fragment containing the 
cosmid backbone and the AAV-TR was isolated with Agarase 

30 (Boehringer Mannheim) . Next pTR-AdTRyLacZ was digested with 
Bgl II and Not I, blunted with Klenow, run on LMP-agarose 
(SeaPlaque) and the 4 kb fragment containing the CMV-LacZ 
expression cassette was isolated with Agarase (Boehringer 
Mannheim) . The fragments were ligated and transformed into 

35 bacteria using general protocols (Maniatis et al, 1982) . 
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Results 

Biological functionality of PC* an*lified CMV LacZ. 

c=<™ cassette in the minimal Ad/AAV 
The CMV-LacZ expression " SSe " S fc> To verify 

chimeric constructs was derived ^^-J^^^^ 
the function of the expression cassette the in 
clones P Ady L acZ, pAdTRyLacZ anc Y - « 
transfected into PER.C6 cells and after 
Y-ttal for LacZ activity. 

X Gal <rtn rasS ette was intact in all constructs 

(Table l) • length of Ad- 5 sequences 

cells follows the increase in the iengu 

present in the constructs. 

Minimal Ad /AAV chimeric constructs are rescued and replicated 
in permissive cells in the presence of Rep. 

m the minimal Ad/ AAV chimeric constructs 

* of interest is flanked by AAV-TR to facilitate 
sequence of interest The facfc 

integration of the vector into the target 
that the AAV-TR form the extreme ends of the 

n f-h^ intearation of trie vecuui 

implications not only for th rnteg multipli cation of the 
the iarget cell genome but also for o£ the 

vector in the vector producxng cells Mu LP ible . 
M /«V-vector through adenovirus early genes 1S not P 
However. Repudiated replication should 
test this assumption we transfected the manual Ad/»V 
, chimerical constructs either in the ^ans- 

the r p - e tS 8 rrcin\rr^:r t « 

complements PER^CS eel adenovirus (I0 Ad CMV Luc) 

infected with an ""^/J^^ adenovir us functions, 
to supply the remaining trans requ 

forMnn fhe cells were harvested and 
5 two days after transfection th ~ Hirt . extract ion: To 

extrachromosomal DNA was isolated through 
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verify rescue and eukaryotic replication of the Ad/ AAV 
chimeric vectors the hirt -extract DNA was digested with the 
restriction enzyme Dpnl . Dpnl requires its overlapping DAM- 
site to be methylated for restriction. In normal DAM+ E. Coli 
5 strains the Dpnl -sites in plasmid DNA are methylated and thus 
sensitive to DpnI-digestion. Eukaryotic cells lack DAM 
activity. Newly formed DNA in eukaryotic cells will not be 
DAM-methylated and thus become resistant to Dpnl -digestion 
whereas the transfected DNA retains, its DAM-methylation 

10 pattern and is Dpnl -sensitive . 

The presence of the adenovirus TR and/ or the adenovirus 
packaging signal does not interfere with Rep-mediated rescue 
and replication in permissive cells (figure 4, lanes 1, 3 and 
5) . All constructs are rescued and replicated efficiently. 

15 The -size of the products correspond to the expected sizes for 
the duplex monomer and the duplex dimer. Replication is 
dependent on the presence of Rep.. In the absence of Rep or 
when the TR- sequence is mutated no replication is observed 
(figure 4, lanes 2, 4, 6 and 8 or lane 7, respectively). From 

20 these results we conclude that the Ad/AAV chimeric molecules 
described here behave like recombinant AAV-molecules with 
respect to rescue from plasmid DNA and subsequent 
replication. 

25 Minimal Ad/ AAV chimeric constructs are packaged into 

adenovirus 5 capsids in permissive cells in the presence of 
Rep. 

Next we wanted to know whether the Ad/AAV chimeric molecules 
are packaged into adenovirus capsids. It is known for 

30 recombinant adenovirus genomes that packaging of genome size 
(3 6 kb) vectors are preferentially packaged (Parks and 
Graham, 1997). Recombinant genomes smaller than 27 kb have a 
strongly reduced packaging efficiency. However, low efficient 
packaging of small genomes is possible and detectable (Parks 

35 and Graham, 1997) . To verify whether the Ad/AAV chimeric 
molecules of the present invention were packaged into 
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adenovirus particles we transfected the constructs into 
PER.C6 cells either in the presence or in the absence of a 
rep-gene containing construct. The cells were also infected 
with the El -deleted helper adenovirus IG Ad CMV Luc. Virus 
was isolated after 48 hours and the filtered supernatant was 
titrated on HeLa-cells. Blue cells were detected in for all 
three chimeric viruses (Table 2) . Blue cells were also 
detected when pTR-AdTRyLacZ virus pretreated with DNasel but 
not when the virus was heat inactivated at 56 oC for hour, 
implying that the DNA was transferred in completely closed 
adenovirus particles (not shown) . Significant titratable 
virus was detected only when virus was produced in the 
presence of Rep (Table 2) indicating that replicat ed Unear 
genomes are more efficiently packaged than circular DNA. The 
adenovirus packaging signal containing chimeric viruses are 
packaged irrespective of the presence of adenovirus TR 
sequences. However, the highest number of blue cells are 
detected with the chimeric virus containing the complete TR 
(Table 2). This results suggests that adenovirus TR-sequences 
are involved in the packaging of adenovirus genomes. However, 
it is very well possible that adenovirus TR sequences enhance 
expression of LacZ. Indications that this might occur come 
from data in table 1 where transfection of th. \ C °™^ 
containing the entire adenovirus TR gave the highest number 
of blue cells. When cells were stained for LacZ activity 
isolated stretched out blue cells are detected. Also detected 
are blue stained recently divided. Thus LacZ expression is 
detected in both daughter cells from a recent cell ^~ 
(figure 5), indicating integration of the vector into the DNA 
) of the ancestor cell before division. 

Replication of enlarged Ad/ AAV chimaeric molecules. 

We studied the rescue and replication of the enlarged AAV 
replicon-containing molecules. PER.C6 cells were seeded with 
5 a density of 10' cells per 100 mm dish (Greiner) . The cells 
were transfected the next day with Lipof ectamine according to 
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the specification of the manufacturer using 120 |il 
lipofectamine and 24 |ig of total DNA. When adenovirus vectors 
•were used to provide helper function for AAV-mediated 
replication, the cells were infected with IG Ad CMV Luc (2.5 
5. pfu/cell) at the time of transf ection. The ratio of Ad/AAV 
vector chimera to pARBErep was 1 to 4 (w/w) . When helper 
functions were provided by transfection of the cosmid helper 
vector pWE/Ad.AB 1 , the ratio of the cosmids and plasmids in 
the transfection mixture was. 1:4:4 (w/w/w) for, respectively, 

.10 the Ad/AAV chimaeric molecule, pDRBErep also referred to as 
pARBErep, and pWE/Ad.A5». Prior to transfection, the 
pWE/Ad.A5 f was digested with Pac I (Biolabs) to free the 
adenovirus terminal repeat elements from the cosmid DNA 
vector. The PER. C6 cells were cultured for 48 hours before 

15 Hirt -extraction. Hirt-DNA was digested with 20 units Dpn I 
(Biolabs) for 1 hour at 37 °C and size separated on 0 . 3 % 
high gel strength SeaKem gold agarose (FMC Bioproducts, 
Rockland ME, USA) . DNA was Southern blotted (Maniatis et al . , 
1982) and hybridized with a LacZ 32 P labeled DNA fragment 

20 (RTS labeling system, Gibco BRL, Life technologies). . 
In the presence of adenovirus vector IG Ad CMV Luc, 
replication of 5 and 7 kb Ad/AAV chimaeric molecules is 
easily detectable (figure 8, lanes 1 and 2). However, the 
Ad/AAV chimaeric molecules of 13.8, 14 and 18 kb length were 

25 not detectable, indicating severely impaired replication 

characteristics (figure 8, lanes 3 to 6). When pWE/Ad. A5 1 was 
used to provide the helper functions, replication of the 5 
and 7 kb molecules is more efficient than in the presence of 
adenovirus vector IG Ad CMV Luc (figure 8, compare lanes 1 

30 and 2 with lanes 7 and 8) . In addition, replication of the 
13.8, 14 and 18 kb Ad/AAV chimaeric molecules is easily 
detectable (Figure 8, lanes 9 to 12). Thus efficient 
replication of Ad/AAV chimaeric molecules up to at least 18 

kb is attainable.. 
35 In the experiment described above, replication of enlarged 
Ad/AAV chimaeric molecules is detected in the absence of 
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adenovirus vectors, suggesting ^"^WMvthi^eric 
replication of the adenovirus vector and the *d AA 

ml eeule. competition can be ^ <~ * J or both . 

for helper functions provided by adenovirus g 

To stud^ this « P-^-dl" - - 

t *7 nTR-AdTRyLacZ .Dys . neol8 plus pARBErep l rati 
pTR - AdTRy Lac Z or pTR AdTRy * with IG Ad CMV Luc 

1:4 w/w) and, at the same tune, infeCt *° £Xtra 

*' / -n. To three different samples was aaaea e 
(20 pfu/cell) . To three received 
dNTPs to the medium, whereas, three oth CMVwtE2A 
increasing amounts of an expression plasnud pc 

c apne Once again, Hire 

encoding the adenovirus -5 E2A gene, u a 

• nlarP d after 48 hours and 20 units Dpn I 
extracted DNA was isolated after * e m9tt . n wpre 

,,. « V The fragments were 
.Biclabs, digested for ^ our OX ^ ^ ^ 

siZ e -psrated on 0, % hrg^g ^ ^ 

(FMC Byproducts, hoc, an ^ ^ ^ ^ „ p 

(Maniatis et al . , 1982) Y ^ ^ Li£e 

labeled DNA fragment (RTS labeling y 

technologies) . Again, replication of '**££J^ t _ 

■ lv HPtectable whereas replication ol p 
chimera is easily detectab ^ x ^ 2) ^ 

AdTRyLacZ.Dys.neo.18 is not g replication of 

. . , fv,- medium do not influence tne 
dNTPs added to the medi fashion (figU re 9, 

pTR-AdTRyLacZ . Dys . neo .18 in a aete ^ asmid 

, ' . rn 6) However, when the expression plasmid 

lanes 4 to 6). Howev , was added during 

containing the adenovirus 5 a CMV dn 

tr ansfection, replication of pTR- AdTRyLacZ . Dys . neo 

clearly observed (figure 9, lanes 7 to 9) . 

i. „f Ad/AAV chimaeric vectors by 
3 Concentration/purification of Ad/AAv 

CsCl density gradients oarticle s by CsCl density 

we purified Ad/AAV chimearic virus particles by ^ 

gr adients. A small ^J^^^^. "0 - 

Ad/AAV chimaeric ve^c tor was pr^ ^ ^ ^ ^ ^ 

5 r E R r ^ d radish. Cells were incubated at 3.C in D.BM 
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(Gibco BRL, Life Technologies) with 10 % FBS (Gibco BRL, Life 
Technologies) and 10 mM MgCl 2 (Sigma) . The next day the cells 
were transfected with Lipof ectamine according to the 
specification of the manufacturer using 100 ug Lipof ectamine 
and 24 ug of total DNA. This total amount of DNA consisted of 
pTR - AdTRy La c Z . Dys . neo . 13 . 8 (3.6 (ig), pARBErep (8.0 ug) , 
pcDNA3 . CMVwtE2A (5 ug) and pWE/Ad. Af 111-rITR (8 ug) . After 
overnight incubation at 37°C in a 10 % .CO, atmosphere, fresh 
medium (DMEM, 10 % FBS/ 10 mM MgCl 2 ) was added onto the 
transfected cells. Approximately 48 hours post-transf ection 
cells were infected with the adenoviral vector IG.Ad.MLP Luc 
at a m.o.i. of 5 p.f.u./cell. Three days post -infection 
cytophatic effect (CPE) was complete. The cells were 
harvested and the cell suspension (50 ml) was centrifuged for 
15 minutes at 2000 rpm. The cellular pellet was washed by 
adding PBS (NPBI) followed by resuspension and centrifugation 
(15 minutes, 2 000 rpm) . The washed pellet was resuspended in 
1 ml of lysis buffer (NaP0 4 10 mM) with 10 % glycerol and 
subjected to three cycles of freezing (liquid N 2 ) and thawing 
(37°C) . Afterwards MgCl, and DNAse I were added with final 
concentrations of, respectively, 32 mM and 6000 u/ml . Mixture 
contents were homogenized by gentle inversion. Incubation for 
30 minutes at 37°C followed, after which, the sample was 
centrifuged at 2000 rpm for 20 minutes. The supernatant was 
recovered and freon extracted by addition of one volume of 
freon and homogenization by gentle inversion. The two phases 
were resolved by centrifugation at 2000 rpm for 5. minutes. 
The upper fraction was recovered without any interface and 
laid onto a CsCl block gradient comprised of the following 
three density tiers; 1.25, 1.35 and 1.5 g/ml. 
Ultracentrifugation was performed with a.SW 60 rotor 
(Beckman) in a Beckman L8-M ultracentrifuge at 10 6 C for 3 
hours at 25000 rpm. Fractions were collected dropwise by 
puncturing with a needle the bottom of the centrifuge tube. 
The presence of LacZ- transducing units (blue forming units - 
BFUs) corresponding to the packaged, DNAse I resistant, 13.8 
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„ Ad/AAV chimeric g eno M e were evaluated* 
HeLa cells in 6 well plates (Greiner) with 10 |>1 
fraction Twenty four hours latter infected cells were 
9ubj ected to the 0-Gal staining ^J^J^ ^ 

~ n ^^o-i^^q^ activity staining"). Alter uvcx 3 
Galactosiaase activity microscope 

,01 W us CK2-TR) . on the other eiting 5xl0 > 

I0.M.MLP Luc helper vector was determined by 
H . L a cells in 6 well plates (Greiner) with 2 ul of eac 
r^ion Twenty four hours post-infection HeLa cells were 
fraction. Twenty rou , Afterw ards the 

^p" ts "eri-e/and assayed for -if erase activity. 

. „«i uas followed (Promega) . Table 3 
Manufacturer protocol was foll ° W fract ions for 

summarizes the results from representative 



these two assays. 



,i n 13 and 14 (see Table 3) from the 
Fractions numbers 11. 12, 13 and 1 I ^ ^ 

CsCl block gradient were pooled and laid o 

CsCl dxo y nuick-Seal (13x51 mm) centrifuge tube 

r=n solution in a Quick seax ^ 

CsCl solut tion was performed overnight at 

Beckman) . Ultracencru a . 0 nce 

10 °C in an Optima TLX ultracentnfuge at ^ ^ & 

• n fractions were collected dropwise by puncturing 
again, fractions centrifuge tube. Furthermore using 

r-^or-qi <=> the bottom of tne cenm^a 

needle the b Bio separations) , and 

Centncon-100 cartridge fractions were CsCl 

according to .anufacturer ^"^^ * ^ followed b y 
desalted by two successive rounds of PBS dil 

- a Hnn throuqhout centrifugation. iae y± 
sample concent »"~^^ fractions was evalua ted by 

of BPUs in ^l C ^X In 6 well plates (Greiner) with 
infecting BxXO HeLa hours latter infec ted 

20 ul of each fraction. Twenty, iou 

w to the B-Gal staining assay (see E. 

cells were subjected to^the p Qvernight 

coli B-Galactosidase activity staining ontical 

. ,i -c blue cells were counted under an optical 
staining at 37 C blue ce nresenC e of the IG.Ad.MLP 

micr osco P e (Olympus CK 2 -TK • The pre nc 
Luc. helper vector was. once again, a 



WO 99/32647 PCT/NL98/00731 

45 

5x10 s HeLa cells in 6 well plates (Greiner) with 2 nl of 
each fraction. Twenty four hours post-infection HeLa cells 
were harvested and resuspended in 2 ml PBS (NPBI) . Afterwards 
the suspension was centrifuged at 2000 rpm for 10 minutes and 
the cell pellets were lysed and assayed for luciferase 
activity. Manufacturer protocol was followed (Promega) . Table 
4 summarizes the results from representative fractions for 
these two assays. 

From the data depicted on table 3 we can conclude that Ad/AAV 
chimaeric vectors are amenable to CsCl ultracentrif ugation. 
Furthermore, the data presented on table 4 clearly shows that 
using a CsCl continuos gradient a packaged Ad/AAV chimaeric 
genome of 13.8 Kb can be partially resolved from a AE1 helper 
adenoviral vector. With proper optimization (e.g., CsCl 
solution density, fraction recovering) , higher resolution 
between the two vectors should be attainable. 

Optimization of Ad/AAV chimaeric vector production 

Dependence on adenovirus term inal repeat and packagin< 
sequences, also referred to as AdTRw, or AdTRy. 
We designed an experiment to further determine the. 
involvement of the adenovirus, serotype- 5 left TR in the 
packaging process of rescue/replicated Ad/AAV chimaeric 
genomes. Therefore, lxlO 7 PER.C6 cells were seeded on 100 mm 
dishes (Greiner) and, the following day, transfected with 18 
^g total DNA using 100 |il of Lipof ectamine (Gibco BRL, Life 
Technologies) . Furthermore, transfection was made according 
to manufacturer instructions. The DNA mixture consisted of 

either cTR'LacZ, pTR + - AdyLacZ or pTR + - AdTRyLacZ with pARBErep 
(1 : 3 [w/w]., respectively) and pUC19 as carrier. DNA. During 
transfection the structural adenovirus proteins were provided 
by IG.Ad.MLP Luc infection (m.o.i. 5). After complete CPE 
cells were harvested, three times freeze (N 2 ) / thawed 
(37°C) . The cell debris were pelleted by brief centrif ugation 
and 0.5 ml. of each supernatant was used to infect 5xl0 5 HeLa 
cells. The presence of BFUs was assayed by the (J-Gal staining 
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n- R ralactosidase activity staining"). Blue 
assay (see „ E .Co li microscope (Olympus CK 2 - 

cells were counted under an * 

- pnacZ pTR +. A dH/LacZ (also 
Supernatants derived from cTRLacZ, P T 

as D TR-Ady L acZ) and P TR + -AdTR V LacZ (also 
referred to as pTR ^ transf ected PER. C6 cells gave 

referred to as pTR AdiKy ect ively After heat- 

treatment (56 C, J- nwuo.i 

no blue cells were detected. us serotype -5 TR is 

This data i^icates that the * * chimaeric 

involved in the JZ^s concerning the 

genomes. Therefore, further exp foC used in 

optimization of the Ad/AAV production syste 
TR-containing constructs. 

Previous data showed that enlarg 

reP Ucated on ly without the presenc of h ^ 
adenoviral vector . As ~ Me <^"" g njmpered unde r the 
actors : ral vector is present since the 

conditions where the nej.pe ,,„ id . d to test whether we 

ti. of transection. Therefore w de ded ^ 

coul a observe enhanced J ance the 

f^nsfection and, by tnat way, 
5 hours P ost-trans£ec ch iraaeric genomes, 

accumulation of replicated Ad/AAV 

no w^t-p seeded with a density or 
PER.C6 cells were seed ^ co _ 

100 mm dishes (Greiner) . The next y 

•-h r,TR + -AdTRM/LacZ (1.5 V9> • P iK ~ 
transfected either wrth pTR Ad J, Ry „ „ (lg) and 

,0 ^- C2 - DyS -" e °'" D ^ CMVwtE2A ,S W ) and P«E/ A d. A£ III- 
P "^» ~ hCedVi bipofectamine (S ib=o BRX, bife 

(8 re) ' . Der tra nsfection mixture and 

Technologies) was used per tra OV ernight 
m anufacturer instructions were follow^ . 

35 incubation at 37°C in an atmosphere with 
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transfection medium was replaced with freshly added medium 
(DMEM, 10 % FBS , 10 mM MgCl 2 ) . After 48 hours, post- 
transfection the cells were infected with IG.Ad.MLP.Luc 
helper vector. In other experimental setting the same 
5 • transfection conditions were used, but the helper infection 
was made at the time of transfection. After complete CPE, 
the cells were harvested, three times freeze (N 2 ) and thawed 
(37°C) and the supernatants were recovered after a brief 
centrifugation. The Ad/AAV chimaeric vectors, were titrated on 
10 HeLa" cells as above described. Crude lysates derived from 

pTR + -AdTRH/LacZ (Ad/AAV 5 Kb), pTR- AdTRyLacZ . Dys . neo . 13 . 8 
(Ad/AAV 13.8 Kb) and pTR-AdTRy .33 (Ad/AAV 33 Kb) contained 
titers of 0.7xl0 3 , 4xl0 3 and 0.2xl0 3 BFU/ml , respectively. . 
When using the same constructs and experimental conditions 

15 but with the helper vector infection being at the moment of 
transfection, the amounts of BFUs rescued were, respectively, 
0.6xl0 3 , 0.2xl0 3 and non detectable. These results show that 
for the enlarged Ad/AAV genomes, prior to packaging, 
replication, in the absence of competing helper vector is 

20 necessary for the enhanced packaging ability. These results, 
once again (see "Minimal Ad/AAV chimaeric constructs are 
packaged into adenovirus 5 capsids in permissive cells in the 
presence of Rep"), directly relate rescue-replication ability 
with .packaging competence . 

25 

. Propagation of Ad/AAV chim aeric vectors on Rep / E2A- 
transfected PER . C6 cells 

In search for methods that would enable us to further 
increase the Ad/AAV chimaeric vector titers we decided to 
3 0 investigate whether the produced chimaeric vectors were able 
to propagate on permissive cells. Before the addition of 
Ad/AAV- containing crude lysates, PER.C6 cells were co- 
transfected with the Rep and E2A-containing expression 
plasmids. 

35 PER.C6 cells were seeded with a density of lxlO 7 cells per 

100 mm dishes (Greiner) . One hundred ul Lipof ectamine (Gibco 



PCT/NL98/00731 

WO 99/32647 

48 

BRL Life Technologies) was used per transition mixture and 
!!nufacturer instructions were followed. The next day the 

co-transfected with S M of either pAKBErep or 
PUC19 and 7 ug of p=DBA3.C M VwtE2 A . After 

v. m™, at 37°C in an atmosphere with 10 % CO, the 
rncubation at 37 c in f , esh iy added medium 

transfection medium was replaced with freshly 
,™™ ,„ i pbs 10 mM MgCl.) and, at the same time, 200 u 

""her 1/AAV 3 Kb ,1,0 BFUs, or. Ad/AAV 13.3 » <S0< .BFUs, 

chimaeric vector- contain!, ^TJ^T^SZ CFK 
section above) . The presence of AE1 helper . on 

on the transfected cells. The crude lysates wer treated 
HeLa cells as above described. The ratio of total rescued 
Heba cens LacZ-transducing units for 

(8230 BFUs) to inputted (800 BFUs) Lac 
f h. Ad/AAV 13.8 Kb chimaeric vector was 10. Whereas 10 
the Ad/ AAv „n 0 „f total rescued (855 

Ad/AAV 5 Kb chimaeric vector the ratio ot to 

« inputted <140 BFUs) LacZ-transdueing uni ts was .. 
B L celis were not detected when the in ectron with the 
M/M V-containing crude lysates were performed „ 

„f aav Reo proteins. Therefore the packaged 
the presence of AAV Rep Pr ^ ^ ^ 

genomes retain can conclude that the 

required substrate for ^1^2^^^ ^uity of 
Ad /AAV chimaeric vectors retain the integr 

AAV-based vectors. 

laHnn o£ AAV-mediated replication forms 
Time-course of accumulation of AAV me afWreas 
. . . thim next experiment we wanted to, once again, address 
T cation ability of Ad /AAV chimaeric replicons above 

the replication ability approx imately 5 Kb) . We 

. ■ t _q AAV qenome size (i.e. aDove <x VV 

) wild-type aav ye product when 

^/T^tL^^^^T- ^expression plasmid 
Tanli: I' ^replication of all the 

-^,^1-* fQ^e "Replication of enlargea aq/^v 
containing construct (see Rep Qf ^ enlarged 

5 chimaeric molecules"). However P ^ ^ 

Ad /AAV chimaeric genomes decreases wicn 
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size. Therefore with this next experiment we wanted to. know 
whether there was a time dependency on the accumulation of 
AAV-mediated replication forms (Rfs) corresponding to the 
enlarged Ad/AAV chimaeric genomes and, at the same time, we 
5 wanted to evaluate the ability of a 33 Kb Ad/AAV genome to be 
rescued and replicated from its. cosmid backbone. 
One basic transfection scheme was carried out as follows. 
PER.C6 cells were seeded with a density of 4xl0 6 cells per 
T25 flask (Nunc) . The next day, approximate equimolar amounts 

10 of the constructs pTR-AdTRyLacZ . Dys . neo .13.8 (2 \ig) , pTR- 
AdTRyLacZ.Dys.neo.18 (2.5 fig) and pTR-AdTRy . 33 (4 (ag) were 
co-transfected with pARBErep (2 |ig) , pcDNA3 . CMVwtE2A (2 ^g) 
and pWE/Ad.Af 111-rITR (5 ng) . In other experimental setting, 
each of the above mentioned Ad/AAV chimaeric constructs were 

15 co-transfected only with pARBErep (2 |ig) and pWE/Ad. Af III- 
rlTR (5 \ig) . Transfections were performed using 40 fil of 
Lipofectamine and manufacturer instructions were followed. 
After overnight incubation at 37°C in a 10 % C0 2 atmosphere, 
the transfection medium was replaced with fresh DMEM with FBS 

20 10 % and MgCl 2 10 mM. At 24, 48, 72 and 120 hours post- 

transfection the PER. G6 cells were scraped, harvested and 
extrachromosomal DNA was isolated by the Hirt -extraction. The 
extracted DNA was digested for 1 hour at 37°C with 2 0 units 
of Dpn I (Biolabs) . The fragments were size separated on 0.3 

25 % high gel strength SeaKem gold agarose (FMC Bioproducts, 

Rockland ME, USA). DNA was Southern blotted (Maniatis et al . , 
1982) and hybridized with a LacZ 32 P labeled DNA fragment 
(RTS labeling system, Gibco BRL, Life technologies) . 
The autoradiogram corresponding to this experiment (Figure 

30 10) clearly shows that, indeed, there is time dependency on 
the accumulation of Rfs mediated by AAV replication, being, 
three days post-transf ection, the time-point where more 
replicated material is detected (lanes 3 and 8) . Important to 
mention is the ability to detect replication of the Ad/AAV 

3 5 chimaeric genome 3 3 Kb in size. The signal corresponding to 

■ 

the 33 Kb Ad/AAV replicated genome ranges from barely 
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detectable at 48 hours post-transf ection to fully vxsble at 
72 and also 120 hours post-transf ection. Once again it 
clearly observed the enhancement in the AAV-mediated 
replication provided by the presence of the E2A- containing 
expression plasmid (compare lane 2 with lane 4 and lane 7 

with lane 10) . ^ y,— 

From the Ad/AAV production point of view these results are 
particularly portent since it should enable to maxrmrze 
further the extent of Ad/AAV genome replication prror to 
infection, of transfected cells, with the helper AE1 
adenoviral vector. 
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Brief description of the drawings 

Figure 1 : Schematic representation of adenovirus 
replication. Indicated are DNA binding protein (DBF) , 
Terminal protein (TP) and Polymerase (Pol) . 

Figure 2 : depicts the structure and the genome organization 
of wtAAV. The AAV rep and cap genes are flanked by two 
inverted terminal repeats (ITR) - Indicated are the three 

, B r pi q = n d P40) and the common 
identified promoters (P5, P19 and P4U, 

polyadenylation signal. Five different species of m*NA have 
beel'identified from which Re P 78, Re P 68, Rep52, Rep40 VP1 
VP2 and VP 3 are translated. VP 2 and VP 3 are 

^ anq i a tion starts at an ACG codon 
the same message. VP2 translation sea 

indicated with an asterisk. 

Figure 3 : Schematic representation of the plasmids 
containing the minimal Ad/AAV chimeric virus. *~ 
constructs have the adenovirus packaging signals in between 
AAV-TR. They also all contain a nuclear targeted beta- 
galactosidase (Escherichia coli) reporter gene under the 
control of the immediate -early enhancer/promoter sequences of 
the cytomegalovirus (CMV) . The orientation of the CMV beta- 
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galactosidase expression cassette in the construct is 
indicated by an arrow. The constructs differ in the 
adenovirus sequences used to enhance packaging of the DNA 
into Ad particles. In construct pTR*-AdyLacZ , Ad5 
nucleotides 104 until 454 were included in the construct 
(Ad-y) . In construct pTR + - AdTRy La c Z , Ad5 sequences 1 until 

4 54, containing both the Ad packaging signal and the Ad TR, 
were included (AdTR-y) . In construct pTR*-Dl 8 AdTRyLacZ , Ad 5 
sequences 19 until 454 were included (AdD18TR-y) . 

Figure 4 : Southern of Hirt- extract DNA from PER.C6 cells 
transfected with minimal Ad/AAV chimeric constructs. PER.C6 
cells infected with IG Ad CMV Luc were transfected with 
minimal Ad/AAV chimeric constructs pTR + - AdyLacZ (lanes 1 and 
2) , -pTR + -AdD18TRyLacZ (lanes 3 and 4), pTR* - AdTRyLacZ (lanes. 

5 and 6) or pTR + - AdTRyLacZ in which both AAV-TR contain 
rearrangements (lanes 7 and 8) . Transf ections were performed 
either in the presence ( + ) or absence (-) of the rep- 
expression plasmid pDRBErep. One day after transf ection 
extrachromosomal DNA was isolated, digested with the 
restriction enzyme Dpnl , Southern blotted and hybridized to a 
LacZ- specif ic probe. Bands corresponding to the size of the 
duplex monomer (dm) and duplex dimer.(dd) are indicated. 

Figure 5 : Micrographs of HeLa cells stained with X-Gal 24 
hours after infection with recombinant chimeric virus pTR*- 
AdTRyLacZ. Dark X-gal stained single cells are easily 
identified (panel A and B) . Also detected daughter cells from 
a recent cell division, in which both cells are positive for 
beta-galactosidase activity (panel C and D) . 

Figure 6 : Schematic representation of the cosmids pTR- 
AdTRyLacZneo7 and pTR-AdyLacZneo7 . The number 7 indicates the 
expected size (in kb) of the rescued and replicated duplex 
monomer. These cosmids are derived respectively from the 
cosmids pTR + - AdTRyLacZ and pTR* - Ady La c Z by inserting, into- a 
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unique Spel-site flanking the 5' end of the CMV-promoter 
neo«-gene under transcriptional control of an herpes simplex 
virus (HSV) thymidine kinase (TK) promoter. Transcriptional 
orientation is depicted by arrows. 

Figure 7 : Schematic representation of the cosmids pTR- 

m a T^TR-AdvLacZ.Dys.neol4 (7A) and pTR- 
AdTRyLacZ.Dys.neol3.8, pTR Aayijac*.«y 

,o These are derived from the cosmids 

AdTRyLacZ.Dys.neol8 (7B) . These are, 

pTR-AdTRyLacZneo7 (pTR-AdTRyLacZ .Dys . neol3 . 8 * 18) or pTR- 
AdyLacZneo7 (pTR- AdyLacZ . Dys . neol4 ) by inserting into th. 
Spel site, fragments derived from the 44* intron of the 
spex , a deS cribed in the text. The numbers 

human dystrophin gene, as descn&ea i 

13.8, 14 and 18 indicate the expected size (m kb) of the 
rescued and replicated duplex monomers of the Ad/AAV 
5 chimaeric molecules. 

» 

Figure 8. Southern blot of Hirt-extracted DBA fro. PER.C6 
cells transfected with Ad/AAV chimaeric moleoules and the 
rep-expression plaemid pARBErep • PER.C6 cells were e t ther 
0 infected with IG Ad CHV Luc (2.5 pfu/cell, lanes 1 to 6) or 
transfected with pWE/Ad. 45' (lanes 7 to 12). 
Lanes 1 and 7 : PER . C6 cells transacted with pTR-AdTRyLacZ. 
Lanes 2 and 8 : PER. CS cells transfected with pTR- 
AdTRyLa=2neo7 . Lanes 3 and , . PER . C6 cells transfected wrth 
S pT R IdyLacZ.Dys.neol4, Lanes 4, 5. 10 and 11 : PER.C8 cells 
transfected with pTR-AdTRyLacZ .Dys .neolB . Lanes 6 and 12 
PER.C6 cells transfected with pTR-AdTRyLacZ.Dys .neol3 . 8 
siz e indication on the left hand of the figure is ^rrved 
fro™ molecular size markers lambda X Hindu! X EcoRI and High 
30 molecular weight DNA markers (Life technologies, Breda, 
Netherlands) . 

Figure 9. Southern blot of Hirt- extracted DNA from PER.C6 
cells transfected with Ad/AAV chimaeric molecules and the 
35 rep-expression plasmid pARBErep. PER. C6 cells were infected 
with IG Ad CMV Luc (20 pfu/cell) . PER . C6 cells were 
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transfected with pTR-AdTRyLacZ (lane 1) or with pTR- 
AdTRyLacZ . Dys . neol8 (lanes 2, 4-9). Lane 3 contains the high 
molecular weight DNA markers (Life technologies, Breda, The 
Netherlands). The effect of extra dNTP (Life technologies, 
5 Breda, The Netherlands) on the rescue and replication of pTR- 
AdTRyLacZ . Dys . neol8 was studied through the addition of 300 
uM, 30 uM or .3 uM dNTP to the medium following transf ectxon, 
lanes 4, 5 and 6 respectively. The effect of extra E2a 
protein was studied by co-transf ecting, 2.5 ugram, 7.5 and . 
10 ; 12.5 ugram plasmid pcDNA3 . CMVwtE2A , lanes 7, 8 and 9 

respectively. The position the duplex monomers (dm) and 
duplex dimers (dd) are indicated. 

Figure 10. Time course of Ad/AAV genome replication. Southern 
15 blot, of Hirt-extracted DNA from PER.C6 cells co-transf ected 
with Ad/AAV chimaeric constructs, rep-expression plasmid 
pARBErep, E2A-expression plasmid pcDNA3 . CMVwtE2A and. 
pWE/Ad.Aflll-rlTR (pTR-AdTRyLacZ . Dys ,neo . 13 . 8 : lanes 1-4, 
pTR-AdTRyLacZ . Dys . neo . 18 : lanes 6-9 and pTR- AdTRy .33: lanes 
20 11-14) . Time points corresponding to the number of hours 

post -transf ect ion after which, samples were harvested, are 
indicated below. PER. C6 cells co- transf ected with Ad/AAV 
chimaeric constructs, rep-expression plasmid pARBErep and 
pWE/Ad.Af 111-rITR ( pTR -AdTRy La cZ . Dys . neo . 13 . 8 : lane 5, pTR- 
25 AdTRyLacZ.Dys.neo.18: lane 10, pTR -AdTRy. 33 : lane 15). PER.C6 
cells that were not transfected with pcDNA3 . CMVwtE2A were 
harvested at 48 hours post-transf ection. 
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Table 1. Functional LacZ-activity following cloning of a PCR 
product containing a CMV-LacZ expression cassette. 



10 



Construct 


. % blue cells 


pAdyLacZ 


50 % 


pAdTR y LacZ 


90 % 


pD18AdTR y LacZ 

* * 


70 % 


Positive control* 


40 % 


Negative control 


0 % 



15 a Positive control is a non-related LacZ -construct previously 
shown to be functional. 
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Table 3. p-Gal and Lucif erase assays after CsCl block 
gradient of 13.8 Kb Ad/ AAV chimaeric vector production 



Fraction Number 

4 


RLU* 


BFU/10 (il 


Titer . 
(BFU/ml) 


10 


7186 


0 




11 


9511 


0 




12 ' 


164697 


215 


2, 2x1 0 4 


J3 


437864 


49 ■ 


0,5xl0 4 


14 


50561 . 


0 




15 


31955 


0 




■ (-) 


143 


0 





RLU * - Relative Lucif erase Units 

(-)' - Negative sample corresponding to uninfected HeLa 
cells . 
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Table 4. p-Gal and unci f erase assays of the 13.8 Kb Ad/AAV 
chimeric vector csCl bloc* gradient-containing fra< = ron. 
after csCl continuous gradient and Centrrcon-100 cscl 

deSaUin9 -535 BFU/30 ig Htir 

(BFU/ml) 



Fraction Number 



6 
7 
8 
9 

10 
11 
12 

(-) 



15385 


0. 




18319 


97 


0,5xl0 4 


972 


12 


0,6xl0 3 


360 


0 




353 


0 




201 


0 




160 


0 




53 


0 





RLU * - Relative iucif erase Units 

,., - Negative sample corresponding to unrnfected HeLa 
cells 
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CLAIMS 

1. A chimeric viral vector comprising a functional 
packaging signal derived from a first virus having no 
integration means and an integration means derived from an 
integrating second virus. 
5 2. A chimeric viral vector according to claim 1 whereby the 
first virus is a virus which has good infection properties. 

3. A chimeric viral vector according to claims 1 or 2 
wherein the first virus is an adenovirus. 

4 . A chimeric viral vector according to anyone of the 
10 . aforegoing claims wherein the second virus is an adeno 

associated virus. 

5. A chimeric viral vector according to claim 4 further 
comprising a sequence encoding a functional adeno associated 

♦ « 

virus rep gene. 

15 6. A chimeric viral vector according to anyone of the 

aforegoing claims further comprising a sequence of interest. 

7. A vector according to claim 6 wherein the sequence of 
interest comprises one or more genes. 

8. A vector according to claim 6 wherein the sequence of 
20 interest encodes an antisense or cosuppressing sequence. 

9. A vector according to anyone of claims 6.-8 comprising 
regulatory elements for expressing the sequence of interest. 

10. A vector according to anyone of claims 1-9 further 
comprising a suicide gene. 

25 11. A virus-like particle comprising a vector according to 

anyone of claims 1-10. 

12. A virus-like particle according to claim 11 which is an 
adenovirus -like particle. ' 

.13. A method for producing a virus-like particle according 
3 0 to claim 11 or 12 comprising providing a cell with a vector 
according to anyone of claims 1-10 and providing said cell 
with all elements necessary for producing said virus-like 
particle . ■ 



10 



15 



20 



25 
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14. A method according to claim 13 wherein some of the 
elements necessary for production of said virus-lxke part cle 
are present in said vector and the remaining are present xn a 
packaging vector present in said cell (integrated or not) . 

15. A method according to claim 13 wherein all elements 
necessary for production of said virus-like particle are 
present on a packaging vector present in said cell, 

16. A packaging cell comprising all necessary elements not 
present in a vector according to anyone of claxms 1-0 for 
producing a virus-like particle according to claxm 11 or 12. 

17. A cell according to claim 16 further comprxsxng a vector 
according to anyone of claims 1-10. 

18. A cell comprising a vector according to anyone of claxms 

'a virus-like particle according to claim 11 or 12 for 
use as a pharmaceutical. 

20 A virus-like particle according to claxm 11 or 12 for 
use in the treatment of an inherited disease, a malignancy, 
or a (genetic) deficiency. 

21. A virus-like particle according to claxm 11 or 12 for 
use as a means for permanent- genetic modification of a ell. 

22 . A virus-like particle according to claxm 11 or 12 
use as a means for making transgenic plants or anxmals. 

2 A rAAV nucleic acid comprising a nucleic acxd sequence 
with 'a size at least larger than. 6.5 kb or 
physically linked with two AAV-ITR or functxonal parts or 
derivatives thereof. 

24. A method for the replication of a rAAV nuclexc acxd 

comprising providing a cell, preferably a 

proteins encoded by an AAV-rep gene or parts or *~xvates 

. • ^ na rt s or derivatives thereof encoded by 
thereof, protexns or parts or aerx 

adenovirus regions El, E2 and/or E4, optxonally wxth HNA 
encoded by . adenovirus VA-regions or parts or derxvatxves 
encoaea oy nucleic acxd 

thereof and further provxdxng saxd cell wxcn 
; comprising an rAAV nucleic acid according to claxm 23 . 
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AAV-Genome structure 
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Figure 3 
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